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The Effect of  High Density Polyethylene 
Additives on the Mix Design Parameters of 
Asphalt Mixtures 
 
In previous studies, the effect of different types of polyethylene on 
the performance of asphalt mixtures has been investigated. In this 
research, the mixing design of asphalt mixtures containing high 
density polyethylene has been analyzed and modeled based on the 
conventional and the response surface methods for limestone and 
granite aggregates. For this purpose, the volumetric and strength 
behavior of laboratory-made samples have been measured and 
statistically analyzed. In the optimization process, the optimal 
amount of binder and polyethylene has been extracted according 
to the criteria of the asphalt pavement regulations for Iranian 
roads and with the desirability approach. Experimental results 
show that the optimal conditions for limestone aggregate are 
6.1% binder and 4% polyethylene with a desirability of 0.909. 
However, these values for granite aggregate are 5.9% binder, 4% 
polyethylene with a desirability of 0.962. The polyethylene 
additive increases the Marshall Strength and specific weight of 
the samples for both materials. The higher percentage of additive 
has the greater effect on these parameters. Analysis of variance 
shows that polyethylene percentage has a significant effect on 
Marshall Flow. By increasing the amount of additive from zero to 
four percent, the flow value decreases. 
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6- Air Void  
7- Voids in the mineral aggregate (VMA) 
8- Voids Filled with Asphalt (VFA) 
9- Central Composite Design (CCD) 
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 ��,W4- 9!;>H (������ ����� � 	��=���) �����=� ���������� ���: h��
���  

�A�I�? �� vA�T�:B�C �0��E FW�0 B�C:�� @!2��!� F-value P-value 

 ������ 	��=����!w FD:��) �D
FW�0  �0(  

A 33/9185 1 33/9185  59/4 0517/0 

B 00/10092 1 00/10092 04/5 0428/0 

C 64/18155 1 64/18155 07/9 0100/0 

A2  005e+118/1  1 005e+118/1 86/55 0001/0< 

B2 21/1839 1 21/1839 92/0 3553/0 

AB 13/36 1 13/36 018/0 8952/0 

AC 00/24300 1 00/24300 14/12 0040/0 

BC 33/120 1 33/120 060/0 8101/0 

(�D
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A 41/3 1 41/3 54/125 0001/0< 

B 75/0 1  75/0 59/27 0001/0<  

C 20/0 1 20/0 37/7 0142/0 

A ��!J ��,=� :B � ��0� ?� ��,=� :C�2-� `8�[� vA� :  

 ��,W5- ;>H!9  �	8���E �8�
 ��p? ,V�0 �gA[L� ���) ��TY ���������� ���: h��
���VFA  �VMA(  

�A�I�? B�C:�� vA�T� 0��E FW�0� �!2��!@ B�C:�� F-value P-value 

�!w FD:��) gA[L� ��� �D
FW�0 �0(  
A 08/1704  1 08/1704  80/214 0001/0<  

B 33/616 1 33/616 69/77 0001/0<  

C 55/132 1 55/132 71/16 0013/0  

A2 59/3769 1 59/3769 15/475 0001/0<  

B2 14/1 1 14/1 14/0 7111/0 
AB 50/4 1 50/4 57/0 4648/0 
AC 08/80 1 08/80 09/10 0073/0 
BC 33/5 1 33/5 67/0 4270/0 

 �D
�!w FD:��) 	8���E �8�
 ��p? ,V�0FW�0  �0( 
A 60/6  1 60/6  23/362 0001/0<  

B 40/0 1 40/0 13/22 0004/0 
C 16/0 1 16/0 00/9 0102/0 
A2 13/0 1 13/0 05/7 0198/0 
B2 068/0 1  068/0 73/3 0756/0 
AB 003e-250/1  1 003e-250/1  069/0 7975/0 
AC 068/0 1 068/0 70/3 0764/0 
BC 083/0 1 083/0 57/4 0520/0 

 �!w FD:��) �D
FW�0  �0( VFA 
A 90/200 1 90/200 80/244 0001/0<  

B 34/32 1 34/32 41/39 0001/0<  

C 56/2 1 56/2 12/3 1010/0 
A2 83/3 1 83/3 67/4 0499/0 
B2 00/3 1 00/3 66/3 0781/0 
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��,W5- F��0� 
AB 12/0  1 12/0  15/0 7027/0 
AC 91/0 1 91/0 11/1 3122/0 
BC 44/4 1 44/4 41/5 0368/0 
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�!w FD:��)FW�0  �0 ( VMA  
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AB 011/0 1 011/0 30/0 5918/0 
AC 21/0 1 21/0 73/5 0325/0 
BC 013/0 1 013/0 36/0 5598/0 

A ��!J ��,=� :B � ��0� ?� ��,=� :C�2-� `8�[� vA� : 

    
 (^8�)������ �����   (z)������ 	��=���  

    
 (�)	8���E �8�
 ��p? ,V�0   (B)gA[L� ���  

    
(�) VMA   (d)VFA  

 97�5 - KA;L� ���: ��TY � �����=� ���������� a-� ���Y ��8���E ��� F��0 ��!���/ ���  

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

2.5

2.8 3.1
3.4

3.7

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

nt

4.5 5 5.5 6 6.5

0

1

2

3

4

950

950
1000 1000

1050

1100

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

3.5

3.94.3
4.7

5.1

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

2325

2335 2345

2345

2355 2355

2365

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

nt

4.5 5 5.5 6 6.5

0

1

2

3

4

14.2

14.5

14.8

14.8

15.115.4

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

68

70.2
72.4

74.6

76.8



63� � @!o;/ ��,��Y ��.8�,M� �0�:E  71  
  

 

����� 	
���
� ��� ������ ���   ����� ����� ���2 ������ �  !
�� �1400 

    
 (^8�)������ �����   (z)������ 	��=���  

    
 (�)	8���E �8�
 ��p? ,V�0   (B)gA[L� ���  

    
(�) VMA   (d)VFA  

 97�6- KA;L� ���: ��TY � �����=� ����������a-� ���Y ��8���E ��� F��0 �7�E ���  

 97�5  ��3��� ,�0 � ?�
� �0� ?��  �H ��V ��

��.] � ?� �� ������ 	��=��� ��,=� ,V�0
� �� ,�0� ��� 

� ?�
� J!� [L3� ,Y �H�  �
� ?� lWA� 	��=���

 �������� 0A� .h�  ��  	��=��� ��,=� ��L3� ,Y �E

 ���I �������� ,:�
�� .!@ ��: ���?��  gA[L� ���

� 	8���E!   �,��3��� 0A����: .� J �X�!� �0� ?� ��  �:

�����  ��3� �������� ,�0 � ?� �: FI
� �0� ?� ,V�0�  �

J ��,=� ���I!�� ����� F: ������ D
 B�AV�  ���I

�� ,:�
 ���� �
@ xH!!� � ?�)
� �0� ?� ,V�0 �0�  ���I �

J ,V�0 �0!���: (� �p? ,V�0� 8�
� F: 	8���E  B�AV

w!D
�� � ?� � �0A:
3� � ?� .	��
� �0� ?� ��,=�� 

 ��,=�VMA �� � ?�
� �� ,�0 � :!��3
@  ��,=�VFA 

��:� �8���E KA;L�� J �:!� 5/6 �� ?� ��,: � ,V�0� 

 �,��3��� 0A�.  97�7  ��0A��box-cox  ��p? ���: ��

 ��3� �2-� `8�[� �8�
�� .,�0  

  
 97�7 -  ��0A��box-cox �2-� `8�[� �8�
 ��p? ���:  

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

2.5
2.8 3.1

3.4

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

910
950

950

990 990

1030

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

3.9

4.2

4.54.8
5.1

A: Binder content

B
: 
A
d
d
iti
ve

 c
o
n
te

n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

2330 2340

2340

2350
2350

2360

A: Binder content

B
: 
A
d
di

tiv
e
 c

o
nt

e
n
t

4.5 5 5.5 6 6.5

0

1

2

3

4

14.6
14.9

14.915.2

15.2

15.5

A: Binder content

B
: 
A
dd

iti
ve

 c
o
n
te

nt

4.5 5 5.5 6 6.5

0

1

2

3

4

68
70 72 74

Lambda

Ln
(R

e
si
d
u
a
lS

S
)

-0.76

-0.69

-0.62

-0.54

-0.47

-3 -2 -1 0 1 2 3



72  HjX!� �0� ?�� ;�� H�!@;  �:�8�2] ��������� �: \�: �KA;L� K1�
� U�_ ��� �8���E�  

 

����� 	
���
� ��� ������ ���   ����� ����� ���2 � ������ �  !
��1400 

3 -3- H9��
 �-9�I "���J �-�� #*9�� ?#�D'� E*�F�!  

��,W 6 � �� �0�,CHC�!����� E!
@ F��� ������ 

�8���E� ��� ��� �
��� ��: ���  K1�
� U�_KA;L� ��� 

�8���E� F��0 �: `8�[� ���: @!2-� 6!?��H �0  �,-:

 ���� ���,�� �kI�,Y5/12  ������ S�� F: ���!;!�

 A��E)T245 ( ��3��� ,�0.   

����!C� @
� <:�D�_A;L� �� ��: �Y��_��  l��-�

�� ��:���0 FI ,� @
��3!:  �,��: gA[L� ��� � 	��=���

�p?� 8�
� : �E!@ F� 8�� e-� W�H � ,V�0!�> b�!� ��.] 

���� � �0A: ,V�0�� VFA  �VMA ��0��� ,Y �0 �E� .,��:  

 ��,W6- @!
E �����!C�  K1�
� U�_ �0 ��8���E ������ F���@!2-� 6!?��H ���:  

�����  ��!C�  B��� 8�  

1  �7!?��H �I��H �� ,C: ������ F�A�� �8�
 ��p?  ,V�0 e-� �8� F�  

2  ������ F�A�� 	��=���  @
��3!:  

3  ������ F�A�� gA[L� ��� @
��3!:  

4  ������ F�A�� �����  2 8�� 5/3  

5   �8�
 ��p?�,���  �:J!� �0 ������ F�A�� 60  �8�75  

6  ������ F�A�� �2-� `8�[� �8�
 ��p? 13  �8�15  

  

�
@ C�!���� Z�� �0  �� ?�B�t�I� @
� 
0 F:  B�AV

:A;D� c:�AH!	12

11 ��:� KA;L� ��� �8���E�  ��,=� �: FI

J!�� �0� ?� ��,=�� 2-� `8�[� �� .H B�����!F  �,� 

�CH ,�0A:
^ 0�/
,�,. F: ��A-�  ��k��  ��,=�:A;D�!	 

KA;L� ��� �8���E� ���0 FI� ������ VFA  �VMA 

,�0A: ��T��  0,� �:��:
6 0�=� �
� w!��T���  ��V 0,�

�CH
^  .,�,�@
��3!:  gA[L� ��� � 	��=���F�A�� �� �

 0,�
6  �@
���I �CH ��V 0,� �.�E
^ .,�,�  

 ���: 	!:A;D�F�A�� ��FI ��8���E � :!@ @
��3!: 

 �@
���I  gA[L� ��� � 	��=��� �,-���0 ���J:!@ 


6 ���0 ��V � 
:�� �p? .,�,�� 8�
� ���0 	8���E� 

��.] �0,V :A;D� �:!	 
6 �p? �� 8�
�  	8���EF�  �

e-� :A;D� �: ,V�0!	 ?�C� ��V� ,�,�. :�� 0�,��!@ F� 

 ���.]  � ,V�0e-�  !�  ���.] ���0 ,V�0 
:��  .,�,�

 ��2�E F3
�nZ� 9V�Y :A;D� z�n!	 ��� F: �A?  ��A-�

�!2��!@ �,-�� ��:� 6H  6HF�A�� �� �CH
^  �,� �

�
n�� � .,� d��L��� �.�E
@ ,-
E�? Z�� s�AH  �� ?�

� B�AV� /!0� �0 �H �.�
	 :A;D� �,�!	  97� F:�3�8 

                                                 
11- Desirability function  

��H!� ,
0�/. � �0
@ :A;D� 97�!	 I�H ��V!l 

KA;L� ��� �8���E� J �:!�  ���0� ?� ���  ��3� �� ^;�L�

�� ,�0 F: FI �!� ��A-� E s�AH!
@ F���  �0����� F: ��T�

�!,-��� �0 .
@ \���Y� 	8�Y 
7� ��0��� ��� ���  Z�\

�jH!@ �8���E KA;L� .	�� �,3�� ���0 FI� @
��3!: 

:A;D�!	 F: ,��: �8���E KA;L� ��A-��  F-!.:?�C�� 

�� 0A�.  

 ����� ��,W7 I�H!l KA;L� ��� �8���E� .:!F- 

��: ��� ���/ `8�[�!�� 7�E ��  ��3��� ,�0���� .  �A_

 �,��3� FI�� 0A�J ��,=� �!� �0� ?� ,V�0 �� .:!F- 

��:� 2-� `8�[�� ���/!�� H�H F:!l 9/5  �4  � ,V�0

��:� 7�E `8�[��  �:��:1/6  �4 � �0 .	�� ,V�0
@ 

��: ��,W� �
@ I�H!B�M� :A;D� ��,=�!	  l!H�H F:

962/0  �909/0 -o�� .	��!@ �TY B�[L3��  �

����=�� E ��T� ,Y �0 �.�E!
@ F���  ,V�0 � 0��0 ���J

�p?� 8�
�  �.�E��.] .	�� ,V�0  �0,-
E�? F-!.: ���� 

 @!: 	8���E �8�
 ��p? ��,=� ��A?3  �8�5  � ,V�0

.	�� �,� ^
�CH 6!?��H �AM� �� ,C: �I��H 	8�Y ���: 

 Z�/ �0�2
0�  @!: 	
0�,>� @
�5  �8�6  ���: � ,V�0



63� � @!o;/ ��,��Y ��.8�,M� �0�:E  73  
  

 

����� 	
���
� ��� ������ ���   ����� ����� ���2 ������ �  !
�� �1400 

 �0,T� � ,� F�?�/ �b� �0 �/0��!J ���-I,-
E�? F-!.: .	?�/ B�AV ����  

    
 (^8�)�7�E `8�[�   (z)��!���/ `8�[�  

 97�8 -  @!: 	8���E �8�
 ��p?) ��0� ?� � �!J ^;�L� ���,V�0 ���� F: 	!:A;D� ��,=�3  �8�5 (,V�0  

 ��,W7- �;� ���Y ��8���E KA;L� ,!8AH ���: �0�.-3!� F-!.: l!I�H \�: �8�2] �: @;!H�  

	!:A;D� 
 �8�
 ��p?

`8�[�  

 ���

gA[L�  

 ��p?

�8�
 

��p?  �8�


�!J �: �,���  
����� ���Z�7>  

 ,V�0

�!J 

 ,V�0

��0� ?�  

 `8�[� vA�

�2-� 

962/0  1/14 2367 4 7/71  0/3 1074 9/5 4  	!���/  

909/0 5/14  2364  4 7/71 9/2 1044 1/6  4 6�E  

  

 ��3� e
��� 9!;>H�� ,�0  KA;L� ��8���E.:!F- 

s
��� @
� �0  �!J ��7�E `8�[� ���:6/4 �;� �  @!;!H�

4/3  	!:A;D� �0 � ,V�0322/0 �8�Y �0 �	��  @
� FI

 �!J �: ��!���/ `8�[� ���: ��,=�5/4 �;� �  @;!H�4  ,V�0

 	!:A;D� �0 �588/0  ^
�CH�� 0A� 97� .9  ��,=�

:A;D�!	  ����� F:� ��,V�0� J ^;�L�!� �0� ?� � �0 �

�p?� 8�
� : 	8���E!@ 5 8�� 6 ,V�0  ��3��� ,�0.  

    
 (^8�)�7�E `8�[�   (z)��!���/ `8�[�  

 97�9 -  @!: 	8���E �8�
 ��p?) ��0� ?� � �!J ^;�L� ���,V�0 ���� F: 	!:A;D� ��,=�5  �8�6 (,V�0  

4- �&�?A �-��  

�0 �
@ =>H!<  S�� �� � ���,����: P��� `D�� 

CH!!@ I�H!l .:!F- KA;L� ��� �8���E� ��Y� �;�  @;!H�

 �:�8�2]  .,� �0����� \�: 9V�Y <!=>H @
� �� �
� e
���

:,�  

 (^8�)�;� �� �0�����  �: @;!H� �8�2]J �0 \�:!� F: ��I 

 �0 F�?�KA;L� ��� �8���E� � ���:
0�T xH!!� 

��������� �0�  K1�
� U�_�� 0A�� .
@ ���� 

xH lWA�!!� J ,V�0 ��,=� �0!� .:!F- �� 0A� .

 �� Z�\ F-!.: �!J ��,=� ��0� ?� @
� �� �0�����

0  

0.25  

0.5  

0.75  

1  

  
D
e
si
ra

b
ilit

y 
 

  4.5
  5

  5.5
  6

  6.5

0  

1  

2  

3  

4  

  A: Binder content  

  B: Additive content  

0  

0.25  

0.5  

0.75  

1  

  
D

es
ira

b
ilit

y 
 

  4.5
  5

  5.5
  6

  6.5

0  

1  

2  

3  

4  

  A: Binder content  

  B: Additive content  

0.000  

0.080  

0.161  

0.241  

0.321  

  
D
e
s
ira

b
ilit

y 
 

  4.5

  5

  5.5

  6

  6.5

0  

1  

2  

3  

4  

  A: Binder content  
  B: Additive content  

0.000  

0.147  

0.293  

0.440  

0.586  

  
D

es
ira

b
ilit

y 
 

  4.5

  5

  5.5

  6

  6.5

0  

1  

2  

3  

4  

  A: Binder content  
  B: Additive content  



74  HjX!� �0� ?�� ;�� H�!@;  �:�8�2] ��������� �: \�: �KA;L� K1�
� U�_ ��� �8���E�  

 

����� 	
���
� ��� ������ ���   ����� ����� ���2 � ������ �  !
��1400 

 �7�E � ��!���/ �2-� `8�[� �0 �� ���:

 �
� ?��� ,�0. 

 (z) F-!.: �!J @!!CH �0 ���,�� S�� �� �0�����

 ��3��� ,�0 4  �: @;!H� �;� ��0� ?� ,V�0

 �2-� `8�[� ���: �� F-!.: �!J ��,=� \�: �8�2]

 �� ��0� ?� ��,: ��!���/1/5  F: ,V�01/6 

 �
� ?� ,V�0�� ,�0 .  

 (�)P��� `D� S���  0�,CHF�A�� ��� F�
��  �,�

��:�  ���I �� K1�
� U�_�� ,�0 ���I .

 0�,CHF�A�� ��F?�V lWA� � AW�
  � 	J� �0

8�[�` ?�[�� �� 0A�. F-!.:  S�� �0 ����

 ��p? ,V�0 �0 �� F-!.: �!J ��,=� �P��� `D�

 �8�
4  Fq��� ,V�0.	�� �0�0  

 (B)2-� `8�[� vA�� J ��,=� �:!� .:!F-  �X�

�� �;� .0��G/  �: @;!H��\�: �8�2] ;I!F 

���������� �TY� ����=� �� KA;L� ��� 

�8���E� xH ��!!� �� ,�0.  F: �7�E a-� `8�[�

 `8�[� F: 	M�� ���3!: F-!.: �!J ,V�0

.0��0 ��!� ��0� ?� @
� �ApY �0 ��!���/  

 (�);>H!9 ���
h��  ��3��� ,�0 � ��,=� FI
@ 

�0� ?�� J ��,=� ��-I �0!�� x��!���� -C��  �0 ��0

�!� :!-� �TY ���?�� ����=� �� KA;L� ��� 

�8���E� � ?� .	��
� �0� ?��  �H ��V ����.] 

F: ,V�0 H B�AV,�
T�  ������ 	��=��� ��

 �
� ?����� ��  �� ��������I� �� ,�0.  @
�

V�0 ��0� ?� �� ��8���E KA;L� �8�
 ��p? ,

 �
� ?�  !��� ,�0.  

  

KL�-�   

[1] Polacco, G., Filippi, S., Merusi, F., & Stastna, G. (2015). “A review of the fundamentals of polymer-
modified asphalts: Asphalt/polymer interactions and principles of compatibility”, Advances in Colloid and Inter-
face Science, 224, 72-112.  
[2] Hamedi, G. H., Shamami, K. G., & Pakenari, M. M. (2020). “Effect of Ultra-High-Molecular-Weight Poly-
ethylene on the Performance Characteristics of Hot Mix Asphalt”, Construction and Building Materials, 258, 
119729. 
[3] Amirabad, F. H., Divandari, H., & Hamedi, G. H, (2018). “Evaluation of the effect of UHMWPE on the Rut-
ting Potential of Asphalt Mixtures”, First National Conference of Highway and Transportation, Rasht, Iran. 
[4] Yalghouzaghaj, M. N., Sarkar, A., Hamedi, G. H., & Hayati, P. (2021). “Evaluation of the Effect of 
UHMWPE on the Low-Temperature Cracking of Hot-Mix Asphalt”, Journal of Materials in Civil Engineering, 
33(3), 04020488. 
[5] Hamedi, G. H., Pirbasti, M. H., & Pirbasti, Z. R. (2020). “Investigating the Effect of Using Waste Ultra-
high-molecular-weight Polyethylene on the Fatigue Life of Asphalt Mixture”, Periodica Polytechnica Civil En-
gineering, 64(4), 1170-1180. 
[6] Hamedi, G. H., & Borhani, A. R. (2020). “Evaluation of the High Density Polyethylene on Performance of 
Glass Asphalt”, Third International Conference on Civil, Architecture and Urban Development Management in 
Iran, Tehran, Iran. 
[7] Hamedi, G. H., & Ranjbar Pirbasti, Z. (2020). “The Effects of UHMWPE/nanoclay on Rheological Proper-
ties of Modified Asphalt Binder. Petroleum Science and Technology, 38(4), 309-315. 
[8] Hamzah, M. O., Golchin, B., & Tye, C. T. (2013). “Determination of the Optimum Binder Content of Warm 
Mix Asphalt Incorporating Rediset using Response Surface Method”, Construction and Building Materials, 47, 
1328-1336. 
[9] Abdullah, N. H., Hamzah, M. O., Golchin, B., & Hasan, M. R. M. (2018). “An Alternative Protocol to Arti-
ficially Simulate Short-term Ageing of Binders for Selected Regional Condition”, Construction and Building 
Materials, 161, 654-664 
[10] Golchin, B., & Rabbi, M. (2020). “Evaluation of the Technical Properties of Asphalt Mixtures Containing 
Reclaimed Asphalt Pavement and Sasobit”, Journal of Transportation Research, 17(2), 187-198 
[11] Lapian, F. E. P., Ramli, M. I., Pasra, M., & Arsyad, A. (2020). “Opportunity Applying Response Surface 
Methodology (RSM) for Optimization of Performing Butonic Asphalt Mixture Using Plastic Waste Modifier: a 
Preliminary Study”, In IOP Conference Series: Earth and Environmental Science, 419(1), 012-032. 



63� � @!o;/ ��,��Y ��.8�,M� �0�:E  75  
  

 

����� 	
���
� ��� ������ ���   ����� ����� ���2 ������ �  !
�� �1400 

[12] Bala, N., Napiah M., & Kamaruddin, I. (2020). “Nanosilica Composite Asphalt Mixtures Performance-
Based Design and Optimisation Using Response Surface Methodology”, International Journal of Pavement 
Engineering, 21(1), 29-40. 
[13] Hamzah, M. O., Gungat, L., & Golchin, B. (2017). “Estimation of Optimum Binder Content of Recycled 
Asphalt Incorporating a Wax Warm Additive Using Response Surface Method”, International Journal of Pave-
ment Engineering, 18(8), 682-92 
[14] Taherkhani, H., Noorian, F. (2021). “Investigating Permanent Deformation of Recycled Asphalt Concrete 
Containing Waste Oils as Rejuvenator Using Response Surface Methodology (RSM)”, Iranian Journal of Sci-
ence and Technology, Transactions of Civil Engineering, 45(3), 1989-2001. 
[15] Jensen, W. A. (2017). “Response Surface Methodology: Process and Product Optimization Using Designed 
Experiments”, Journal of Quality Technology, 49(2), 186-188. 
[16] Moatasim, A., Cheng, P. F., & Al-Hadidy, A. I. (2011). “Laboratory Evaluation of HMA with High Densi-
ty Polyethylene as A Modifier”, Journal of Construction and Building Materials, 25, 2764-2770 
[17] Moghadas Nejad, F., Azarhoosh, A., & Hamedi, G. H. (2014). “Effect of High Density Polyethylene on the 
Fatigue and Rutting Performance of Hot Mix Asphalt-A Laboratory Study”, Road Materials and Pavement De-
sign, 15(3), 746-756. 
[18] Hamid, B., Hossein, H. G., Vahid, N. M. G., & Mohammad, N. (2019). “Improving the Moisture Perfor-
mance of Hot Mix Glass Asphalt by High-Density Polyethylene as an Asphalt Binder Modifier”, International 
journal of sustainable Building Technology and Urban Development, 184-193. 
[19] Hınısloglu, S., & Agar, E. (2004). “Use of Waste High Density Polyethylene as Bitumen Modifier in As-
phalt Concrete Mix”, Journal of Materials Letters, 58, 267-271. 




