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Identification and Presentation of Asphalt 
Pavement Construction Quality Control 
Algorithm by Data Classification Method and 
Artificial Neural Network 
 
Asphalt construction is one of the most important parameters of 
asphalt pavement quality that should always be carefully 
considered in any asphalt pavement project. The purpose of this 
study was to evaluate the performance of decision tree algorithm 
and artificial neural network in predicting mixture and field 
design parameters affecting pavement compaction in order to 
identify and control these parameters to control the compaction 
parameter value. In this study, we used data collected from 
relative asphalt compaction determination report, grain curve 
report and results of hot asphalt experiments and asphalt mix 
design report recovered from soil mechanics laboratory and using 
decision tree and artificial neural network algorithm have been 
proposed to predict the parameters affecting compaction. The 
results show that data with a distribution temperature between 
126 and 155°C, fracture rates in two sides greater than 95.5%, 
strength (Marshall Resistance) less than 1417.5 kg-force and 
Asphalt Void less than 5.45 had good compaction rate (more than 
97%). Also, three parameters of thickness, distribution 
temperature, and void were introduced as influence variables 
affecting compaction in the software. 
 
Keywords:   Asphalt pavement, Density, Data Mining, Decision Tree, 
Artificial Neural Network.  
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�F 	!F;� 9<a�, �*�84H ,� (����!, �� . � H  P,�C�

(� �(++8( ,�(],4	 �40 ��+� w���K
 	l7��� 

� 	!F ?�,�(i� ;<�F �� .(�41�4�� �H  ?�-*�]  cC�

�40 ,� ��C  (��� ��(=� ;���� (�  � 	l7�(  �����

��� ?���l,� 	l7� ���8 ���  *C�� ����� w���K


]12[.  

3 - ��# $�!�% &�'	 �( )*�* $�! ���� 

�� �+&!!��  

���C15� *��* ���4�� c�C�� �4�]  	
�* ����  �,�

�, ;���, �!�: ;�� (���  �� 	�� ?��7� (��� H� ;8 (���

�*�* ��), �4�l  ���[ ;� �� 3\C8 � 3\C8 ���  ;� � 

��[ ((F P�� �� �f(� �4}�, ;� ;FC  �� ;8 �C_�  ���

{5�
 �, *C
 ��4+4�4� �� �   ���� ;8 H� 	<� ;� .(���

 H�(+:�- �C,�- �4� � ��9�, �>�� � �7��_, ��� *�!+

�(� 	��*CFC, ����4}�, cC� ;� ;��� ;E4�� �* �� 

X��  ��1�� �* �4�]  	
�* 	
�� ���� �9<�a, ���

� �*�*; �, ;�-�[ ��8 �� .*C� X�� ;<�F  �*�9��� *�C, ���

 X��ID3  �CART �, X�� H� .(���  �* ��(+:�- 

�4�l  �4}�, ��a���  .(���* fj�
� �: X�� ;Kl� � �[  

 	
�*;��*  ����4}�, ����) �,C!9, �I� �� �(+�

;l7@ � ����  ���C15� (+��, (��ID3 �,  H� .(���

 �� 	!F ;� �� ���C15�ID3  ���C15� �* ���� :*��* ?��9 

CART �+4F {
�� ��8

7  �]5�
�� ���(�� ��C+� ;�

�, �*�9��� �4� ���� ;����� �4}�, �[� �D�* .*C� �* �� 

(��� ;l7@� 15� �* ���CCART  ��C@ �: ?�l7@ (��

�* ;8 (�C� D�b*� ���� 	�!�� f(� �4}�,� ;l7@ �*  ��

(����  H� ;8(+:�- �* �� ��a� �, ����  �DC� .(+C[

f(� �4}�, �[��  ���C15� �(��� (�*(�) ;��C4�CART 

;�C�E,  ���� �+7, 	
�* ��C4��[� ?B*�e, �� ��

�4� �, ;t��� f(� �4}�, �+4� f(� �4}�, �[� .(�*� 

 (��� ���� �[� � ��C4��[� 	
�* �� �: (��� ;��C4�

;��* 	
�*  �(+��, (+,�� ]13[ .  

f(� �4}�, ;� ;����  ���� �]5�
�� ���(�� H(+\

�(4� �4�l  �*�8  �(, �* �[CART  �[� .*��* *CF�

f(� �4}�,� ;l7@ (��� ��� �, {
�� �� ��C   ��+4F ���

�* ��a� � ���� �* ��a�  .*�8 �*�9��� �74 �  ����

f(� �4}�, �[�� (��� ;��C4�� �,  ?�e��, H���8 �� ��C 

) �K
8LSD(9 ) �K
 G<K,�(i H���8 �9LAD(10 

*�8 �*�9���. �+4F {
���  ;8 	�� ����,�� ���(��

�+4F �*���8 ^�C 11

10  	�� ;�-� ;e�C  ��45��� ��*��,:

 ��� �* �1912 ;5�l, �*  ��C+� 	_  ����  � � �7N

��Y��44} 12

11 (� ���+, ]13[. {
�� H��  ���� ~BC�e,

����,�� � (,:�* ���; �, ��8 	-�� ���(�� ���� �,�  �� ��4[

� 04� ��C���� m�C ; �, ;�-�[ ��8 (���+4F {
�� . 

�9o ��(l, ;8 	�� 3 � �9o H4� ���(l,�  �� G��K,

 ��(l, � ((���* ���) (,:�* *��-� ;��) P,�8 ����,

3�  � *��* �� (,:�* ;�� *�- 3) P,�8 ����,�� G��K,

((���* �9o (,:�* ;4l� �, (��� {
�� �(� kjo� P)� .

 ;8 ���,� ~BC�e, � ��[ �]5�
�� ���(�� ��C+� ;� �+4F

;����� �4}�,� ;l7@ �, �*�9��� 	�� �� �8 .*C� H��

����� �: ��(l, H���4� � �9o ����� �: ��(l, )1 1 k−( 

 �: �* ;8k  {
�� .	�� ;����� �4}�, ?�l7@ *�(e 
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7- Gini Index 
9

8- Least Square Deviation 
10

9- Least Absolute Deviation 
11

10- Corrado Gini 
12

11- Mutability and Variability 
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 ��[ �* �+4Ft �GINI(t) �;  ?�Co�) ;K��1 ( |�e 

�,  :*C�  

)1(  ( )  ( ) ( )G IN I t p j t p j t= ∑  

;8 t  �j �, �� �C- ?��7� .(+��� f(� �4}�, ;l7@  ��C 

�; :*C�� ��C���� �� ?�Co  

)2(  ( ) 2 1 ( ( ))G IN I t p j t= − ∑  

( )p j t  ;l7@ 	7�� �� �����j  ��[ �*t �,  .� .(���

 ��C�� f(� �4}�, ;� 	7�� ��[ �* ;�C�� *�(e  ��i�

�, m�C  *C�� � H���4� �+4F {
�+e *C
 ��(l, �

1 1 k− �, �� �: ��(l, H���8 .*�4[�  �9o ����� ;8

	��� �, ��9 � ���,� �*�* ;�� ;8 (�-�  dC��, ���[ �* ��

�4}�, ;l7@ 3 ;�  ���� �+4F ��4e, .(��� f(�

�0E,�� ����  �4}�, ;��s  ��[ �*t �;  ?�Co;K��� )3( 

�, |�e  :*C�  

)3(  ( , ) ( ) ( ) ( )
split L L R R

GINI s t GINI T P GINI t P GINI t= − −  

 �;K��� H� �*PL  ��[ �* ;�C�� 	7�� �����t  ��[ �* ;8

�, ���i �\ 	�� (���- *�4[� PR ��[ �* ;�C�� 	7�� t 

�, ���i 	��� 	�� (���- ��[ �* ;8 *�4[  �s S∈ 

�: �* ;8 	�� S ��e��� P8 ;�C�E,  H)�, ���

,�  ��e��� .(���S  ��(l, ;8 *C� ��a��� ��C@ (��

( , )
split

G IN I s t  ����8�(= (+8 . �C\GINI  �� ����S 

 ��[ �*t 	�� 	��N� �,  ��e��� ;8 	9[ ��C S ��

�, ��a���  ��(l, ;8 *C�;K���

( , ) ( ) ( )
L L R R

GINI s t P GINI t P GINI t= +  ��Pi�(=  �[� .(+8

;l7@ �4}�, ���� �4� �� �* ��  ;���* *CF� ;l7@(���� 

D�(i� ;�� ��1�: ���� H)�, ���  ;� �4}�, ?�l7@ A48� 

*�4[ ?�Co ��e��� H��!� �  *C� D�E�� (�� ;l7@ �* 

]13[.  

��a��* �� f(�  �4}�, ?�l7@ ;8 	�� H� ����

 ����4}�, ��4, �� .�� .(�� ���8 A��+, ;l7@ �* ;�

C1�4�� �4�l  H��!� �* �� �[  � �*�8 �(4� �� ;l7@�*�*  ��

�4�l  ���� ��a��* ��4e, .*�8 �(F �: M����� ��  �[s 

 ��[ �*t �; �, |�e  �� ?�Co :*C�  

)4(  ( ) 2 ( ( ) ( ) )
4

L R

Twoing
L R

P P j j
GINI t P P

t t

×
= × ×∑

 

 ;8tL  �tR ��[ �4�l  ^�C  �(� *�E� ���  �[s  .(+���

�4�l  (�� .�  �� �C- ��4e, ;8 *C� ��a��� ��[��8�(= 

 .(+8j Mj8 H��!� .	�� f(� �4}�, ;l7@ �����  ���

C1  �C2 ;��* f(� �4}�, ;8 ��5�= �*  �	�� ��

�; � f(� ?�l7@ A48�  ;<4��; �, 	�* .(:  

 M����� �4�]  	
�* �* �<
�* ��[ �� A<b�

�, Ae�+, ;o�
 	9o 3 ��(l,  ;E4�� �* �*C�

�* *C
 ��a��� H��!� ��7�* ;� ���C15�  ?�9o ��4,


u� �, ��4e, .**�[ ?��j@� ��!�13

12 ) ;K��� �*5 ( �� �)

f��e,  	
�* 	
�� ���� ;8 	�� �����4e, H� 

�, �*�9��� �: �� �4�]  � �1* ���4e, �� *C
 � *C�;  D��

������:14

13 �, �*�9��� .(+8  

)5(  
 (A)

( ) – ( ( ))

Information Gain

Entropy D Entropy A D

=
 

�C,�- H�� Information Gain  	9o ���� ��

 ;o�
A �, ;7��_,  �: �* ;8 (+8D  ;�C�E, �� 	5B*

�*�*  .*��* ���C,: ���Entropy(D)  �

Entropy(A(D)) ^���� M����� )6( ) �7 ( |�e 

�, C��:(  

)6(  
1

( ) 2( )
C

i i
i

Entropy D P Log P
=

= − ×∑  

)7(  

1

( ( )) ( )
j

j
j

D
Entropy A D Entropy D

D

ν

=
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�: �* ;8� C Mj8 A�\�� *�(e   �* *CFC, ���

�*�*  ����C,: ���Pi ;�C�� ����=� �*�* �� �� ���  G<e�,
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12- Information Gain 
14

13- Entropy 
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 Mj8 ;�i �D�v  ;o�
 	9o ;+,�* ��s�� *�(e A  �Dj 

�*�* �� ����i  �!�: ;o�
 	9o ��(l, ;8 ;45�� ���V j 

�, ���� �� 	�� H4+`�� .(�* D  ���(�� �� 	5B*

�*�*  ���D .*��*  ��4e, ��Information Gain  �*

 ���C15�ID3 �*�� �� �) ;8 ���C15� H�   	
�* ���

�, �*�9��� �	�� �4�]   ���C15� �* �,� .*C�CART 

	�� ��*�* �4�]  	
�* 3 ;8�  {
�� ��4e, ��

 � �+4FTwoing �, �*�9���  ���� H4+`�� � *C�

 *��* �*�8 M�� ����]13[.  

��C+], �7]� ;)7� ���C15�15

14 ;��* �* �(+� 

�, ����8 ;� �� ��),� H� ;8 	�� ����  �*�9��� �� �  (�*

�(, �� � C4�,�8 ��C  � �>�� ���� ;7+F �� �
��  ���

;47� �� ����� 0}, �*�� ;)7� .(+8 ����  �7]� ���

�; �a� �� �) ?�Co ;� ������ 0}, �(4`4� ���  ��C+�

�4b ��4[*� ���
�� 3 .	�� �(� �C!�, �w�* P��i


�� H�;�C�E, �� �(4`4� ��� ��C� �� ��� � ��;  �(,: *CF�

� *C
 ;8 	��C��� �*�� ���
�� ��  ;)7� �5� ;���* ��

� H� ��] �C��� �(4`4� ��4�� ��4[*� |��� ��  ;� �� ��

�, D�E��  .(����  

 �* ��C+], �7]� ;)7� ���� ���*����8 �� �)

�*�* �, ���8 �E�: �  .(�����C= ;8 +� 	_  �� ��C

�*�* ;)7� ��+7, �� ���8 �7]� ���16

15 �;  �(,: *CF�

;)7� .	��  ?�4<�� �� �
�� �* ��C+], �7]� ���

�4� (+��, ;��* � �+4� X�� ��� �� ;��l, �* �(+�  ��

 ���F� �����8 �* ~BC�e, � �*C� �7�� ���0, ����*

�, �*�* J4F�  (�C� ]9[.  

3 -1-  %���# ��,��-+	 (&�'	 

H4��a� �(, ���� D�[  ����� ?��j@� ���:*�[

 ;+4,� ;� dC��,�, 	45�e- ��\ .(��� ��+7, � ;�� ;8
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14- Artificial Neural Network 
16

15- Neural Network Data Mining 

�(,  �-�e, ;� �a� H� �* .	�� ?��j@� �����

�, ;�
�*�� G4l_  H� �* �*�9��� *�C, ����4}�,  .*C�  

 ;� �� G4l_  H� �* �(� �*�9��� ����4}�,

� �(� v��a��� �0E, ���1��,�: X��0[ D�� �*  ��0-�

D�� �* ��C�� �  �(� *��� P�8�  ��0-�SPSS � �!�: �� �*�9��

 .*C��X��0[  �8��  H44e  X��0[ P,�� ���1��,�: ���

;��* �+_+, X��0[ ��7�� �(+�� ��,�: n���  ���

�, 	5�9�: dj�
� k�@ X��0[ � D�[ 	5�9�:  �* .(���

X��0[ H� J4>C  ;� ;,�*� ���  �����,������ �(� v��a�

D�(8�� �� ;�C�� � ;�
�*�� �!�: �� ��]�a, |�e  �  �� ��

	4�  (��C
 �*��: X��0[ �� ;� dC��, ���1��,�: ���

.(�  k�@ ;� dC��, (� �*�* J4>C  ;8 �����,����

*C� 	5�9�: dj�
�� ,���� �*�(e  �� ����� H� �* �,� ��

(+ ��7� ;8 (� �*�9��� 04� ���(4, ?(, :�� �(4�� ��,�

 cC� ��h��� P_, ;� ;��
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 cC� ���� �C7� �* 3�<b cC� ���4+4- 	��� ���4+4-

3�<b �C7� P8 *�(e  �D�* �C7� �* 3�<b �� �  	���

3�<b ^�C�,  .��  

� f(���,���� �N� ����� G4l_  H� �<o k�@ ���

�5�9�: dC<a, �8��  *�)<�� �� ���F� � dj�
� �

�, m�F �f(� H� ;� �(4�� ������ �* .(���  ���:

 X��0[ �	5�9�: �7�� �8��  H44e  X��0[ ?��j@�

;��* �+_+, �(+�� ��,�: n���  � D�[ 	5�9�: ���

	5�9�: dj�
� k�@ X��0[ �, ����>  ;� ;FC  �� .(���

	4� ;� �����* D(�  �*C� ;��,�_, � ���1��,�: ���

�*�*  3��� ���;,�� �� .� � ��1��,�: � ��j@� ���1�  � ��

	��C
�*  ���), ����*�*  ��34��), ��1��,�: ��  w�


 ;4!  M��- �����(*�[ 34)9  �� .� � D�� �*  ��0-�

 .(� *��� P�8�  

 D�E�� 	!F ��5�9�: ;�C�� v��a��� P�� ;�

�4[�8 ��1��* ^�C  �: ��� ��,�:17

16 ��4[�8 �

�0},)  ;�9[ (��4[�,  ���� � �4[�8 ��1��* .*C�
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16- Universal Electric Core Drill 
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�0}, ���� ^�C  �4[��4� ��a, ���< cC� ;FC  �� �9

�, ��8 *����8  �+0+� ��)��)5� ����C C, P,�� ;8 (+8

�, �)45��(4� *��C, �se� �* �  ��4[�8 ��1��* .(���

;�, .+F ;� ;FC  �� ��8 H4= �* J5�], .+F 04� � ��� 

P��i ��,�[ 	�!� �* � w�)Ko� �, (45C  �!FC   ;8 (+8

X�� ;� (�� 04� H�  �*��C, �* .**�[ ��!, �9<�a, ���

 �*�8 3+
 	!F �: �� BC�e, 	5�9�: ��4[�8 P�,

�, �*�9��� ;�, *C� ]14[.  P)�1� ;�C��  ��4[�8 �� ��

���(4, C, �*�(_, �� ;e5�K, *�, ���� �� (�*.  
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 ;e5�K, *�C, �*�(_, (4!� ��C<� 	5�9�: ���F�

�!� ���e, � ��4<� (4!� ����4
 �����\���� C8 ��E+�

 �7�l  ��(l, ;�16000 ��,m��, �, .(���  � 	)���

��C9� �4i �C4�5C,�  ;� ��04,3/1 ��, �� D�[C<48Ae), 

��F� � ;4!  .*C�  (4!� ��C<� 	5�9�: ���F� � P�= �;4! 

 M����� �!� ���e, � ��4<� (4!� ����4
 �����\

H4: ;,�� ��1��* �� �C�8 ���F ��� �04��), ���  D�E��

.*C�  P)� �*1�  dCK
 �� �h��� D�E�� ���), 	4eiC,

�(� {a�, 0,�i  .(����F� � ;4! i *�(�� � 	)��� ��4

��� ;� (��C9� *�(��)�  m��,��, ��3/1 �* �4i D�[C<48 

.*C� ;�-�[ �I� 

 cC� �� 	5�9�: (45C  	!F �-�], �4i70-60  �� �

�, *�[����� 	9� ;��
��8  (��� ;8 ���i �,�-��8 ��4�
� �*

�, .*�4[ ;��* �� 	5�9�: �� *�*���i cC>C, ���F� �*  �(+�

�9o  � 19 �<4,  	,�a> ;� ��,5 �����  �� .�) ��,

.*C� �*�9��� (�[(4�C8  kCK� ��� 	5�9�: ���F�

 ;F�* Pi�(= � �*C� cC+�, ~�(48� ������ ��C� �* � .4


 ��F� ��,� �* 	5�9�: ?���=130  � 135  ;F�*

����� .(��� *��[  �� �[(4�C8 	5�9�: ���F� �� .�

3�<b  Pi�(= �)4��B y�\ � �0<- ���8 + �,�05� � 

�.	�  P,�C� ����+� �� �  *C� �: �� �e� ����� H� �*

 P��i (= ;� �� �8��  ��04, ��!�: ���+8 � �8��  �� �NO,

� �* ����� H� ���:C� .(���� �C7i;  X�� ��4[��8

�*�*  �4�]  	
�* ���8CART  ����+� 	!F

 ����4}�,�4Ng .*C� �8��  �� ��Y[  ����, ;� P]- H� �*

�F��(, �� Po�= n��� �� �5� �, ;�
�*�� ����  .*C�
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�(, �� Po�= n��� ���  �4�]  	
�*CART �;  ?�Co

 �(� ��4� �a� H� �* �]�a,	��. ;,�*� �*�  �N�

 �4}�, ��C+� ;� ���(4, ����4}�,�4Ng   ���i ����� *�C,

�,  �� D�(8�� ��C+], �7]� ;)7� ;� .�� .*�4[

�8��  ���4� ���  ��97 %���8 �  ��95% �, �����  �* .*C�

 �!������*�!+�4� ���*�!+�4� � �*����8  ������ �*

;e5�K, ;,�*�� �(,  �����8��  �, ;t���  .*C�  

4- /�	 �0�1 2� 3# *��!�� �  ��,)*�* ����  

�0}, �� �8��  ��,����  ;�C�� (��4[�8) ��4[

� ��5�9�:; �, 	�*  ;�4���* �4�l  �� Po�= ;8 (:

�, �����, ;�C�� ;�4���* �� �*�F 	5�9�:  P)� �* .(���

2�  ;����� �4}�, ;8 �8��  ��,���� ��,�� �+_+, ��*C��

�, ����� H� 	�� �(*�[ ;t��� �(���.  

�, �(���, ��*C�� �� ;8 �CK����  *C�32 �� %

�*�*  ��(l, �8��  ���96�, % �*�* P8 H41��4, .(���  ��

96/95  �� ����� ��4e, f��_�� �687/1 �, .(���  H4+`��

 ��(F �*1� {
��  �8��  �4}�, ;� dC��, ���,: ���

�(� �*��: .	��  

  
 P)�2 - �8��  �4}�, ��,�� �+_+, ��*C��  

	4� �(��� �* 	-��* ���1��,�: ���� �*�*  ���

�*�* H� .�� � �(� v��a��� D�B  P�8� ��0-� D�� �* ��

*�[ *���D�� �* �(� ����� P�8� P�- �: �� .� .(  ��0-�

SPSS  ���C
���(*�[ �(, � �*�* H� ��� ����  ��

.(� D�E�� DC� 	5�= �*�  D�(8�� ;� dC��, �4�]  	
�*

�8��  ��  �� ���4� ���97 �� ���8 � %95� %;  ;��[�(F �C@

D��!\ 	5�= �* .(*�[ ����  ��C+], �7]� ;)7�

�*�* ;� dC��, .(*�[ ��� �<8 ���  

 ��(F1- �8��  �4}�, ������-  

�8��  *�(e   (o�* �7�e, (o�*  �e�E  (o�* 

91 2 1/0 0/1 0/1 

92 4 2/0 0/2 0/3 

93 11 5/5 5/5 5/8 

94 22 0/11 0/11 5/19 

95 25 5/12 5/12 0/32 

96 64 0/32 0/32 0/64 

97 37 5/18 5/18 5/82 

98 25 5/12 5/12 0/95 

99 8 0/4 0/4 0/99 

100 2 0/1 0/1 0/100 

m�F  200 0/100 0/100  

  

4-1 - 4���# �� 56��	 /�	  0� �+7�� ��,97 0� �+
� � %

95 %  

�(, ;� �a� H� �*  dC��, �4�]  	
�* ����

�8��  ;�  �� ���4� ���97 �� ���8 � %95 ;�
�*�� %

�,  .*C��a� H� �*� �*�* ;��l, 	!F  �8��  ���



�(4�=  � ��47
 ��4� ��7a,  9  
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� ���4� �97 �� ���8 � %95+� 	<� ;� �%�h��� �* ;)  ���

 �� ���4� �8��  ��5�9�:97 �� ���8 �8��  � �C7i P��i %

95�(� �a� 	5�9�: A�a  %  	��. �*�* �*��: ��  ���

 ;� dC��,96 � %95f�o �%  ���!� ;��l, �  (� �I�

*C� D�E�� . �*D�� 	=�� ���� ��0-�  �;��l, �*C�� � 

�*�* �� ���4� �8��  �� ��� 97 � �C
 A�\�� �� %

�*�*  �� ���8 �8��  �� ���95 �(� A�\�� �� %

A�\��  P)� .(� ���Y[3�  ;�
�� �4�]  	
�* �(,

�*�* 	!F �(�  �� ���4� �8��  �� ���97 �� ���8 � %

95�, ���� �� %  ��(F �* .(�*2  �3� 4, � 3�� ��0

�4� �(, 	i* �, �(���, �+4� .*C�  

 ;8 �CK���� P)� �*3 �, �(���, *C��  �8��  ��[

 ��[�� �* ;� D�)_��� �4}�, ^�C  �*C� �<o� ��[ ;81 

 �2  ��[ �* .(� �4�l 2  �� D�)_��� ��04, ;85/1417 

D�[C<48- �*�* 	��8� �	�� ���4� ��4�  �+e ��9/67 %

;��* (� ���[ �* (� �(+�(� G7@ ;8 	��+e, ��(� H� .

�*�* H�  �*C� ���4� �+4e, ��04, �� D�)_��� �[� ��

�, ���8 ��!� �8��  ��04, .(��  ��[ H� ;E4�� �*

	
�*� ��[�� �� ����� .(� fY= ��  

  
 P)�3 - �*�* 	!F �(� ;�
�� �4�]  	
�* �(,  �� ���4� �8��  �� ���97���8 � %  ��95%  
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 ��(F2- �(, 3�� ��04,  

3��  

�7�l  ��(l,  *��(����� ��K
  

090/0 027/0 

 :;����� �4}�,�8��    :	
�* (�� X��CART  

 ��(F3- �4� 	i* ��04, �(, �+4� D�* 	5�=  

;l7@ �(+�  

�(� �(���,  
�4� �(� �+4� 

(�  �C
 J4_o (o�* 

(� 31 8 5/79 

�C
 2 70 2/97 

�<8 (o�* 7/29 3/70 0/91 

 

 :	
�* (�� X��CART   :;����� �4}�,�8��   

  

 �* ����� ��[1�*�* P,�� ;8 �  D�)_��� �� ���

 ����, � ���85/1417 D�[C<48- �, ��4�  �(���9/75 %

�*�* �� �, ���� ;8 ;�-�[ ���i �C
 ;��* �* ��  ��8� (�*

�*�* ;� dC��, ���  �� ���4� �8�� 97 D�)_��� ����* %

 ����, � ���85/1417 D�[C<48- �, ��4�  ��[ .(���

 �����1  ��[�� �* ;� �a� ��,* M�����3  �4  �4�l 

�, .*C�  ����� ��[ �*3 ����, � ���8 �a� ��,* ;8 �

126 ����� ;F�*  *C� *��[85�*�* �� %  ���i (� ;��* �* ��

;E4�� �* .(+�-�[� � cC>C, H� .(*�[ fY= 04� ��[ H

 	5�9�: �8��  ;8 H� PB* �� �) ;8 	�� H� �1��4�

 �� ���894�, %  �� ���8 �a� ��,* �*C�126  ;F�*

�, .(���  ����� ��[ �*4 �� ���4� �a� ��,* ;8 �126 

����� ;F�*  �*C� *��[6/81�*�* �� %  �C
 ;��* �* ��

1��4� cC>C, H� .(+�-�[ ���i �a� ��,* ;8 	�� H� �

 �� ���4� (�� 	5�9�:126 ����� ;F�*  ��[ .(��� *��[

 �����4 ��� 35� �� ��C7� M����� ��4  ��[�� �* ;�7 

 �8  �4�l (*�[.  

 ����� ��[ �*8 ����� 35� ��C7� (o�* ;8 �4 

���4�  ��5/67 �*C� %75�*�* �� %  ���i (� ;��* �* ��

��[ H� ;E4�� �* .	-�[  04� cC>C, H� .(� fY= 04�

1��4� ;8 	�� H� �M����� �*�*  	!F *CFC, ���

D�B �8��  ;� �(4���  ����� 35� �� ��C7� (o�*4  (��

 �� ���4�5/67 ����� ��[ �* ;8 (��� %7 �7/84 �� %

�*�* �-�[ ���i �C
 ;��* �* ��(+.  ����� ��[7 M����� 

�� �* ;� ;�4���* ����� ��[11  �12  	<� ;� .(� �4�l 

 ��[ �* ;8 H�12�*�* *�(e  �  H� *�(e  � �8 *CFC, ���

�*�* �4� ��),� �*C� ����� ��  ��[ H� �����* 	��* �+4�

.(� fY= 04� ��[ H� � 	��(� *CF�  ����� ��[ �*11 



�(4�=  � ��47
 ��4� ��7a,  11  
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 �� ����, � ���8 �: ;�4���* ��04, ;838/2  ��(l, �*C�

3/90�*�* �� % 
 ;��* �* ���-�[ ���i �C(+  P��i ;8

 ����� ��[ 	�!� �* .(� mi�� �C7i11  04�M����� 

 ��[�� �* ;� ;!7F �* �1��)� (o�*15  �16  �4�l 

.(�  ����� ��[ �*15+� 	<� ;� ��*�* *�(e  ;)  ���

;E4�� P7i �� � *C� �8 *CFC,  (o�* ;8 (� ��4[

 �� ���4� (�� ;!7F �* �1��)�5/92[ H� �(��� % ��

 ����� ��[ �* 	�!� �* .(*�[ fY= 04�16 (o�* ;8 �

 �� ���4� �: �* ;!7F �* �1��)�5/92 ��(l, �*C� %

5/94�*�* �� %  �C7i P��i ;8 	-�[ ���i �C
 ;��* �* ��

.*C�  

P8 �*�  P)� �* �(� ;�
�� �4�]  	
�* �(, ��

3 �, ;E4�� ��C   �D�)_��� ����4}�, ;8 *C�� ��4[

 35� ��C7� ��a� ��,*4 �1��)� (o�* � ;�4���* �

 ;� 	5�9�: �8��  �(4�� �* ;!7F �*97 %�4Ng   � *��*

 ���+8 (�� ����,���� H� A��+, �8��  ;� �(4�� 	!F

.(�C�  ��(F M�����2�  �(, H� *��(����� ��K
 ��04,

 �� �����027/0 �(F H4+`�� .	�� �3�  	i* �1����

�4� �, �(, �+4�  	i* ��(F H� M����� ;8 (���

�4�  P)� �* �(� ;�
�� �4�]  	
�* �(, �<8 �+4�

3�  �� �����91�, % .(���   

�����  ��� �* ��ll_,2015�  �� cC>C, H�

�, G(]  (+8 �8��  ��,* � �a� ��,* ;8�  H���4�

dC<a, ���(4, �8��  �� �� �N�  ���(���* ��5�9�: ]15[. 

 H4+`��� n��� M�����; �(,: 	�*  �* ��1* G4l_ 

 ��� �*2012� f�o �8��  ��,� �* dC<a, ��,*  �� �I�

dC<a, cC�� �4Ng   �8��  �� �*�� ��4�� 	��* (��C


]16[.  

�(, M����� ;E4�� �(� ;�
�� ���  ;8 (� ��4[

 H4� (�� �a� ��,* ����126  �155 .(��� ;F�*  �*

�h��� �* ;E4�� 9�: ��� � ;<o�- ;� ;FC  �� ��5� ��,�

^4_, ��,* � 	5�9�: P�=�  ���+8 �� �a� ��,* (��

 04� ;!7F �* �* �1��)� (o�* ��,���� H4+`�� .*C��

�*�� 	4��� *��* �, cC>C, H� �� ;8 ;E4�� ��C   ��4[

dC<a, *C��  �!�: �* �1��)� (o�* ;8 ��5�9�: ���

�� ���4� 5/95 .	��* (+��C
 ����4� �8��  �(��� %  

�, D�)_��� �(e� ��Y[�N� �4}�, (���  	
�* �* ;8

 	
�* ;� ;FC  �� .*C� ��� |*� �* �(� ;�
�� �4�] 

;�
�� �4�]  �, �(� ;E4�� ��C  	-�[  D�)_��� �[� ;8

 �� ���4� ��5�9�: dC<a,1417 D�[C<48 - (��� ��4�� 

;��(1+� a, �* *CFC, ���� dC<; �* P,�8 �C@  P9i ��

 �� ;� � �(��, .(+7�\ �* ;E4��� 8 dC<a, ����8 ���

�;�-� �, ���C�* ��8 �@C<a, H4+\ �*C�� �8���,  (���

��� ��4� *�C, �8��  ;� dC<a, � .(��  �5�
 ��s- ��,����

�� �(, �� *�C, �* �* 04� �4i �� �(�  H� .(� ���)  ���

 �� (e� 04� �4}�,�<7i �(� �-�e, ����4}�,�  	4��� 0t�=

35� ��C7� (o�* ��5�
 ��s- ����4}�, �!��� �* .	�� 

4 J5�], �5�
 ��s- � 	5�9�: �4i (o�* �;�4���* �

)17VMA18 .(�C� ���+8 (�� � �*C� 	4��� 0t�= (  

4-2 - )*�* ���� (<6 =	 (�=< �3�> �+7�� ��,  0�

97�+
� � % 0� 95%  

�a� H� �*� �;  �� D�(8�� ���� ;��[�(F �C@

�*�*  �� ���4� �8��  ;� dC��, ���97 �� ���8 � %95 %

�7]� ;)7� 3� �(, (� ����  P)� ;� ;FC  ��4 -|5�� 

 ;8 �� ���4� �8��  ;� dC��, �7]� ;)7�97 % ���� ��

�,  �(�*;� ;8 (� Po�= ;E4�� H�  ����4}�, A4 � 

, uC]a, ��� ��4i ;� �<4- ���� (o�* �4i (o�* �J5�]

 35� ��C7� � 	5�9�:8� .(���* �8��  �� �� �N� H���4�  

 P)� M�����4 -;8 � 7]� ;)7� ���  ;� dC��,

 �� ���8 �8�� 95 %;� �, �	�� �(,: 	�*  ;E4�� ��C 

 	-�[ �  ;� ;84A }�,4���� �s-� 5�
� �� i �� �(�4� 

)18
19VFA(�s- �� 5�
� �,* �	5�9�:�  (o�* � �a�

                                                
18

17- Voids in Mineral Aggregate 
19

18- Voids Filled with Asphalt 
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���� -4�< i ;�4� �4���H (���* �8��  �� �� �N� . H� ��(F �* ;��l,4 .	�� �(� �*��: 04�  

  
 P)�4 -  �� ���4� (|5�) �8��  ;� dC��, Pl��, ����4}�, 	4��� ��*C��97 �� ���8 (�) � %95%  

4-3 -  ��-+	 ��6 < �� (����	 ��,��-+	 �?� (1!����?@# 

4���# ��  

 �4}�,�4Ng 20

19 D�� �*  ��0-�SPSS  ;8 	�� ��4}�,

�, {a�, �� 	
�* (�� (��� �� ���Y[�N� ��04,  .(+8

 ��,* � 	,�a> ���(4, �4}�, �* ����� ;� �a� H� �*

 �8��  �� �a�(�� (��� �  ;�
�*�� �4�]  	
�*

�, *C� . P)� �* ;8 �CK����5- |5� �, �(���,  �*C�

                                                
20

19- Influence Variable 

 �4}�, ��C+� ;� 	5�9�: 	,�a> �4}�, ;8 ���,��4Ng  

�� �5�
 ��s- ���Y[�N� �(� ��a���  �4i �� �(�VFA �

 35� �� ��C7� � ^4_, ��,*200  �� .� � (� ���4�

D�)_���� .(���* �8��  �� �� �N� H���4� ���4}�, H�  

� �!��� �*40 �]  	
�*4� }�, ;� dC��,4� �,*� 

�(, �a� ���� P)� �* ;8 �CK���� .(� 5-�  �(���,

,� *C� �]  	
�*4� }�, ;� dC��,4� �,*�  �a�

��(+\ ?��9 � �]  	
�* ��4�  ��� 	5�= �* �(� ;�
��

� �* �: ?��9  �!+  � ;���(�H  ��[ ;8 	�� cC>C,

 �����2 �� ��[ ;8��� 8� �*C��C+  M������,*� _,4^ 
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 ��4� ��7a,  13  
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� �* ;���[� �l 4� � ;8 	�� �(�H � �1���� cC>C,H 

��,� ;8 	��� }�, ;84� �,*� ;� �a� }�, ��C+�4�  �4Ng 

��Y[�N� �*C� ��a���� }�,4� �,*� _,4^ �C7� ��  ��

 35�200 �0-� �8��  ��� ,� (��.  

 ��(F4- �4}�, 	4���A4 �  ;� Pl��, ��� 	4��� H���4�  

 
�*�* �(, ���8 

  
 �� ���4� �4�]  	
�*97���8 � %  ��95%  ��C+], �7]� ;)7�  

Pl��, ����4}�,  

D�)_���>5/1417  �4i �� �(��� �5�
 ��s- VFA 

�a� ��,*<126  �a� ��,*  

 35� ��C7�4>5/67  	5�9�: �4i (o�*  

;�4���*>38/2  ;!7F �* �* �1��)� (o�*  

 �1��)� (o�*;!7F �*<5/92  J5�], �5�
 ��s- VMA  

  
�P) 5 - �4Ng  �4}�, ;� dC��, �4�]  	
�* (|5�)  	,�a>P)� (�) � �a� ��,*  

	
�* ;� ;FC  �� P8 �* �4�]  ���� ;E4��  ��4[

�,  ����4}�, ;8 *C��4Ng   (��� ��a� ��,* �	,�a>

 	_  �� �4�]  	
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