
Civil Infrastructure Researches, Vol. 7, Issue.2, Winter 2022, pp. 61-75 

 

                                                 
* Corresponding author 
Received 28 August 2021, Revised 11 November 2021, Accepted 12 November 2021. 
DOI: 10.22091/cer.2021.7292.1291 

 
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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 97�2 - �;� �8A78A� ���
�� @;!H� \�: �8�2] �:  

2 -2- 34��5� !	�-6  

� �0@ =>H!< 	�L� Z�/ �0� �� I�H!l  ^;�L�

�8���E KA;L��  ��,W <:�D�1 �CH^  .,�,�

@,: �Ab-� ���,�� S�� <:�D� � K1�
� U�_��:�  ��

I�H!l �A?  ��IG8�15 ��: .,� F�
�� F�A��� I�H ��!�l 

��,V�0� J!� 5/4 �5 �5/5 �6  �5/6  .,� F�?�/ ��I F:

�TY B�[L3� ht�� ����=� �� F�A�� �� CH!!@ 

,0�/.  

 ��,W1-  ^;�L� B�M!I�HKA;L� �� �F�
�� �,�  

l!I�H �����  ����E l!I�H  

1  a-�  F��0 	!���/ +�!J F��  

2  a-�  F��0 ��!���/+ �!J  F��+ 2 ,V�0 ��0� ?�  

3  a-�  F��0 ��!���/+ �!J  F��+ 4 ,V�0 �0� ?��  

4  a-� a-� F��0 6�E  +�!J F��  

5  a-�  F��0a-�  �7�E+ �!J  F��+ 2 ,V�0 �0� ?��  

6  a-�  F��0a-�  �7�E+ �!J  F��+ 2 ,V�0 �0� ?��  

  

�@ ��������� 9��� B�[L3��  ������� 	��=���

����� �p? ,V�0 �gA[L� ��� �������� 8�
� 

	8���E7

6�p? ,V�0 �� 8�
� 2-� `8�[��87  ,V�0 �

�p?� 8�
� J �: �,���!�98 ,�0A:.  U�_ �Z�0 Z�/ �0

���E� 0�2� �-M� �: P��� `D� S�� �� �0����� �:� 

I�H U�_!l  I���10

9 ,� Fq����  B�[L3� � � ��TY

,0�/ @!!CH  !� �.�E �����=�.  S�� @� �� P��� `D�

�0�0  ���� ,��AH �!� ���:  �����=� � ��TY ���?� �-!:

,-I �0�����.  ����� ��,W2 ���E U�_�  �� �AIG�

                                                 
6- Air Void  
7- Voids in the mineral aggregate (VMA) 
8- Voids Filled with Asphalt (VFA) 
9- Central Composite Design (CCD) 

 ��3��� ,�0.  
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S�� F�A�T� P��� `D� ��  ��S�� ��� ���E�  �

�n�!B� 0�:��I� i����:  	
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 �0 },�`D� S�� .: �P���!F- �0A�� x��) P���!� 

W��
�x�� ,-] �� FI 	�� (!� x��) 9=���!���� 

0���� ( �!XjH�� �!/���E �� .0�  ��6 ��� �A��E  ��

73H!9 F�?� � xH!!� x�� �0!���� 0����  ���:CH!!@ 

x��!�  P���F: �� ��I 0��. F-!.: ���� �0  `D� S��

 P���F:  � ���I �Ab-�F- �� .	�� � �0@ S��� 

��2���  	�� F:FD=� .:!F- � B�AV� /!0�.  �� },�

�_U ���E� ����-��  �0A��;>H �!9 HjX!� x��!���� 
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 �: �Xr� ���W��
�  �: �� 0�,CH���E ���I� 
�: .	��� 

 9Y���@� x�� z�L��� 9��� S��!���� w!� �� F��:��

�_< ���E� l��-� �0�,>� �0�I �L3� � �.�E �

S���: F;�W,-] c:�H 6 �:�TH B��1_� <�_ �� �� �

���:�� 	�0 � �,� :�� 0�=� F:� .:!F- ��:� x�� ��!� 

	�� ]15[.  ��,W �03�  � ����: 0�A� ����������

.	�� �,� �0�0 ��3� �.�E ^;�L� UAD�  

 ��,W2- P��� `D� S�� F: ����E U�_  

`8�[� vA�  ,V�0��0� ?� �!J ,V�0 F�A�� `8�[� vA� ��0� ?� ,V�0 �!J ,V�0 F�A�� 

6�E ��V 5/4 12 	!���/ ��V 5/4 1 

6�E ��V 5/5 13 	!���/ ��V 5/5 2 

6�E ��V 5/6 14 	!���/ ��V 5/6 3 

6�E 2 5/4 15 	!���/ 2 5/4 4 

6�E 2 5/5 16 	!���/ 2 5/5 5 

6�E 2 5/5 17 	!���/ 2 5/5 6 

6�E 2 5/5 18 	!���/ 2 5/5 7 

6�E 2 5/6 19 	!���/ 2 5/6 8 

6�E 4 5/4 20 	!���/ 4 5/4 9 

6�E 4 5/5 21 	!���/ 4 5/5 10 

6�E 4 5/6 22 	!���/ 4 5/6 11 

 ��,W3- �,� �0 �.�E UAD� � �0��� ���������� P��� `D� S�� F:  ����  

�������  `D�  

(,V�0) �!J  5/4  5/5  5/6  

�;� ��0� ?� (,V�0) @;!H�  V��  2  4  

�2-� `8�[� vA�  	!���/  6�E  

  

2 -4 - 34��5� �+� �� ��� �?,�  

����E ��� F: ��I � �0 F�?�@ =>H!<  ���/ �0 �0

����E ��� �TY� ����=� �� ��������� �,�:� .,�0A:� 

�TY� F�A�� �� gA[L� ��� 9���� �p? ,V�0� 8�
� 

�p? ,V�0 �	8���E� 8�
� 2-� `8�[�� �p? ,V�0 �� 

8�
� J �: �,���!� ���,�� ��!/ ,�,�@,: .  �� �Ab-�

 ���0��,�����AASHTO T275 �AASHTO T269  �

AASHTO T209 ,� �0�����. ��������� ht�� 

����=��  	��=��� 9��� ������  ������i����: 

AASHTO T245 :F .,�,�E 	�0 

3 - @4�?A B8� �  

3 -1-  !'�-�C���?� )�� �� !?#�D'� E*�F� ��?,�  

<!=>H @� },�� F-!.:  	8���E K1�
� U�_ ����

	�� P��� `D� S�� F:�  �8� �	�L� Z�/ �0F�A�� ��� 

���E��23� F: ��,V�0 �: ���,�� S��� J!� 5/4 �5 �

5/5 �6  �5/6 ���E 0�A��  F�?�/���J�  	��=��� ��,=�� 

����� �p? ,V�0 �gA[L� ��� �������� 8�
�  �	8���E

�p? ,V�0� 8�
� 2-� `8�[�� �p? ,V�0 �� 8�
� 

J �: �,���!� 97� <:�D� ��� 3  �4 ��:� ���/ `8�[�!�� 

7�E �� ,�,0�/ @!!CH.  

xH!!B��  	��=���F�A�� ��� �8���E� :F ���� 

��,V�0�  ^;�L��;�  97� �0 ��!���/ `8�[� ���: @;!H�



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

 

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

3  ��3��� ,�0 FI  ?���8���E KA;L� F: �0�� @� �0� 

�� ?� ���:  	��=��� ������F�A�� �� �� 0A�.  � �!�HA�

 @� �ApY �0 ������ 	��=��� �� ?�  !� ����7��

,�0�I S�� / �� ��0� ?� ]16[. :!��3@ �!��  	��=��� 

 �0 ������F�A�� ��� ��.] ,V�0 ��0� ?� F: KA:�� �

 ��,=�1075 I!Z�/A;  �,��3��� 0A�.  

�: ���:�0 ������ ����� ��0A�� �  97�3  �,��3�

�� 00�/ � ?� �: FI� J ,V�0!� ����� ������� � ?�� 

F�?�  FD=� �F-!3!: �� � �,��3��� 00�/: .!��3@ ����� 

�8���E KA;L� F: KA:��� �0� ?� ��,:� 	��� 8�Y�0� FI� 

���I@ ����� ���0 F�A�� F: KA:��� ��.] �0� ?� ,V�0� 

� .	��@  ��3��� ,�0 �@ �0� ?�� ����� F�A�� ��  ��

���I �� ,�0 .i,=�  ���?� 0AM.: ����7�� � 0���

 �/,���!�KA;L� �� `8�[� �� �,� F�
�� ��8���E �

�;� �ApY �0 �� ��!���/  �����0 �0 \�: �8�2] �: @;!H�

��3� \�: .,�0�I �,�!w B�AV F: FT!�� @� �!=���

�� ,��AH H �� <!=>H �L: @� FT!��j,-I ,! ]17[. 

 97� �0 gA[L� ��� ��0A��3  ��3��� ,�0  ��,=� FI

@��3!: �0� ?� �0 gA[L� ���� ��.]  �:��: ,V�0

 ��,=�2365 lC7���� �: Z�/A;!I  ,V�0 �0�C� FI 	��

J!� 7/5 .	��  

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

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

    
 (�)VMA  (d)VFA 

 97�3 - F�A�� ���: �!J ,V�0 F: 	M�� �W��
 ����!x�� e��� a-� ���Y ��� ^;�L� ��0� ?� ���,V�0 �: ��!���/ F��0  
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���I@ � gA[L� ���!  ��:� F�A�� ���  ��,:

�� ?��  �,��3��� 00�/. ����: �:  ��0A���p? ,V�0� 

8�
� 	8���E  97� �03  �,��3��� 00�/ � ?� FI� 

�0� ?� ��,=�� �p? ,V�0� 8�
� : ��!��3 � ?�� 

�� ,�0 . ��?�_ �����: �:�  ��0A��VFA  �097� 3 

 �,��3��� 00�/ � ?� �: FI�  ��,=���0� ?��  �������

VFA F: � �A_!F��A ��I� �� ,:� . @���I @!-o��

����� ��,=��� VMA J �0!� 9/5 ��� F: ,V�0� �0� ?�� 

��.]  9V�Y ,V�0�� 0A�.  

J ��,=� �/�!� .:!�F- ,V�0 �0�C�� J ��!� �:,�  FI

 �:��: 	8���E �8�
 ��p? �,V�0 �E �04 ,��: ,V�0 �0 �

�@ J ,V�0 �	8�Y!� .:!F- ��:� F�A�� ��� F�
��  �: �,�

a-� ���/ F��0!�� �0� ?� �: ��  ��V � �0 ���.] �,V�0

��,=��  �:��:1/6 �6  �1/5  ,V�0 �!J.0A: ,��A
  z�L���

��,=� ��,V�0 @!-]  	��=���������� �����  �������

�p? ,V�0� 8�
� 2-� `8�[�� �p? ,V�0 �� 8�
� 

J �: �,���!�  ��T� F-��0 �0 ��@!  ���J ������ F���

�� ,�0 �,��3� FI �AD���� .�� 0A� ��0� ?� �ApY� 

 �� ?� �� F-!.: �!J ��,=��� ,�0.  

���: �� h��  ���?�KA;L� ��� �8���E�  �:

a-� F��0 ���/ ���!��� �@ ��: ���?�� a-� F��0  ���

7�E� �!  ���:,� ���� .e F: 	�0  ��: �,�E� F�A�� ��� 

��Y� �0  ���.] �0� ?� ,V�0� �0� ?� ��,: ��  97� �0

4 �0�0 ��3�  ���: �: .	�� �,�� 97� 4� ��:� =���	�� 

������  �,��3��� 0A�  ������ 	��=��� ��0� ?� @� FI

F�A��  �� ?� �� ��8���E ����� ,�0FT!�� @� .�  ��/���

 	��=��� ����: �0 ����7�� � ,!�Y <!=>H FT!�� �:

	�� ��0� ?� @� �ApY �0 �7�E `8�[� ������ ]18[.  ��

�?�_�  ��,=�F-!3!: ��  �0F�A�� ��� ��Y� �0  ,V�0

�0� ?��  �,��3��� 0A� .@��3!: ��,=� �	��=���� 

b�!� 1090 I!Z�/A; J ,V�0 �0!� 8/5 �0� ?� �0 �� �0 

 ������ 	��=��� .	�� ,V�0F�A�� ��� ���0� ��.] 

�0� ?� ,V�0� 
!;� 0 �6 F�A�� �0 .	�� ,V�0  �0

 97� �0 ������ ����� ��0A��4� ?� �: ��  ,V�0

���0� ?� �����  ���������I �� ,:� . FT!�� �: F�?� @�

9!�-!� <!=>H ��/E � A;/��11

10  �7�E `8�[� ���:

0��0 ���AL�� ]19[ .KA;L� ��� ���0� ��.]  ,V�0

�0� ?�� ���0� ���I@ �����  �KA;L� ��� �0� ?� ��,:� 

���0� :!��3@ �����  �0 .	�� ��� B��!!xH ��0A��

 97� �0 gA[L�4� �!��  J!� ��: Z�\� @��3!:  ���

��� F: gA[L�� �0� ?�� ��.] ,V�0� C�� �08/5  ,V�0

 �,��3� .	���� 00�/ � ?� �: FI�  ,V�0��0� ?�� 

�!��  ���p? ,V�0� 8�
�  9
�0F�A�� �� �� ?� �� ,:� .

 @!-o�� ��0� ?� ���:� ?� �:� J ,V�0!� �!��  VFA 

� ?�� �� ,:� �  ��,=�VMA ��� F:� �0� ?�� ��.] 

J � ,V�0!� 8/5  �0�C� ,V�03/14 .	�� ,V�0  

 �: �{�-�� �!J ,V�0 �� !�4  �� ��8�
 ��p? ,V�0

 97�4� F��,2-� ���:  F: .	�� d��L��� 9:�J �7�E ���

 ���Y ��8���E KA;L� ���: F-!.: �!J ,V�0 ���k� ��A-�

2 �;� ,V�0 :��: \�: �8�2] �: @!;!H� �3/6  .	�� ,V�0

��,=� �,V�0 @� z�L���  ��������� ��� ���: �� ���T�

@!E �: <:�D� H ������ F���j�� @!� .,-I  

3 -2- '�-�! ;'�< /=' )�� �� G#�D'� E*�F� ��?,�  

,W��� 4  �5 �,� ��� �!0�.-3�  `D� S�� F: ��

 ��3� P����� ,�0���� .  �,��3� FI �A_�� 0A�  �,�

D
� FW�0  ��: �0� ;I!F F: ��������� ����  W�  �0 ������

�!� :!-� ����=� ���?�� �TY �� KA;L� ��� �8���E� 

�!0�.-3 �� 00�/. � �,�!0�.-3� ��:� �����  ������

D
� ;>H .	��!9 ���h�� � �0@  ��3� ���,W�� ,�0 

J ��,=�!�� �0� ?� ��,=�� a-� vA� � F��0 x�� ��!���� 

-C�� � �0 ��0!� :!-� �����?�� �TY� ����=� �� ��:� 

KA;L� ��� �8���E� .,-���   

                                                 
11
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������ ����� (^8�)   (z)������ 	��=���  

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

    
 (�)VMA  (d)VFA 

 97�4 - F�A�� ���: �!J ,V�0 F: 	M�� �W��
 ����!x�� e��� a-� ���Y ���  F��0�7�E ^;�L� ��0� ?� ���,V�0 �:  

 ��,=�p-value���  �� ���I05/0 -C��  �0A: ��0

 ��3� �� ����������� ,�0 .���/  �,��3��� 0A�  ��AH FI

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

�!� :!-� �����?�� ����=�� �TY �� �!,-���  FI��]p-

value : �.�E!��3  ��05/0 .	�� �@ � ����������  ,-��AH

 �0,-E�? �,� ���� � B\0�C� ��n��  .,�A� }GY

F: ��A-�  ��k�� p-value ��:� �0� ?� ��,=� Z�0 ��AH�  �0

�!� :!-�  0,� ������ 	��=��� ��,=�3553/0  � �0A:

x��!� -C�� F: ��0 �� z��Y� E,?�_ �� .��  �-I�,��

x��!�� ��!  ���������� -C�� ��0� �!,-��.  ��,W �04 �

 ��,=�AB: �-I�,�� �!@ x��!� J ��,=�!�  ��,=� �

�0� ?�� 	��� .@  @���0 �: �������p-value  �:��:

8952/0 -C� �������� � �0 ��0!� :!-�  	��=��� ���?�

 ��������� ,��:�� .!@ ��: ZA.���  �-I�,��BC  �0

� ������ 	��=���!   �,��3��� 0A�-] .!@ ;>H!9 ��� 

� ��� ��: ��AH� ��� .0�0 Z�T�� ��������� F: ��A-�  ��k�� 

x�� F� ��!� �,=�� J!�� �0� ?� ��,=�� a-� vA� �  �F��0

x��!���� -C��  ��0 �0�!� :!-� ���� ���?��  ������

 �,-������ �@ x��!��� F: D
 B�AV� ���� ���?�� 

� �� ������!� :!-� �� ���,-.  

 97�5� J �X�!� �0� ?� �� ��������� �: ��� ����=�� 

�TY � �KA;L� ��� �8���E� ��Y� a-� F��0 ��� 
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���/!��  ��3��� ,�0 . 97�6   !� �7�E `8�[� F: KA:��	��.  

 ��,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
 FD:��) ������ �����  

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 

  �D
�!w FD:��)FW�0  �0 ( VMA  
A 76/1 1 76/1 37/47  0001/0<  

B 65/0 1 65/0 55/17  0011/0 
C 31/0 1 31/0 25/8 0131/0 
A2 70/4 1 70/4 26/126 0001/0<  

B2 004e-772/8  1 004e-772/8  024/0 8804/0 
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 
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 (^8�)������ �����   (z)������ 	��=���  
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 ��p? ,V�0   (B)gA[L� ���  

    
(�) VMA   (d)VFA  
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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
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��: ��,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�20�  @!: 	0�,>� @�5  �8�6  ���: � ,V�0
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 �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�
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�2-� 
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