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3�� #������ ! \�U ���3  �7� #�3 ,��<3 ��   �� ��(�4��" ����?4��
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� ����A .���� ��   ,�+4% GH4� �� #��4�!� ���   4� ! 5�4I�Y �B
�b!�c��E�&� ! �3      ,4� ,4F	� �4� �4��A #�4�� ���� ! #������ #�3
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,F�	� ���!��� ,� ,F	� ��?����c �� ��%��� �b!�c �� ,�+% 0" #�
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    ���?4�� #��Z4(��� <4"�� �� 0�4% ���o� ,.
6�� #�!�!   ! �4��
,��44R v�44�<�B #� )FWD(7�o� � v��44?� �� #<�'�44� ���44/� 1��44�

 0�.�� 0��U ��	% .  #��4� �� S��F #��E�� �� ����?�� �K�������
  #�!�44R #��44�!� �����44� �� #�44�( )�
44*� �44�!� M@44��  

� �s� ,� ���  .  
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� �9�9� )+���� ��
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444%1 ���� ��444��  
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3-1 ��&� �6F� )���� )�#  

 f�� #��F� �� 5�( K�E!�)HPMS(   ! #�!�! #�43��o?� K�4�&� �
���!��� ! �3��$ �B��%��� �	F	� #�3 .   ,48>���� �� z@4V�

      �� �b!�4c d4� ���4��c #��4� #��4�!� d� #������ ! �B��
��� ����	B�� #���� ��
3� .     ,48>���� ��	4� �� ,4" ��42@V�

�� �����+2 ��	% #�!A S
F ���� #���!�:  
� ��B�� K�E!� {���� ! #���!� ���� 

� D"!� #��F� ���� ! ���>R�#�&� #�3 

� #������ ,8>���� :,.�! 0��%    �#�4�(��� ! #��4"  #��4F�
�E���A#�3 ?|��U !... 

� � GE�*� 1���	*B ,���F� 0U��� �� d� �3 �� ,?�� ��". 

  
3-2  )+���� )(!� �G.C � *���+�&   

,��<( =�>?��      v��4?� ��4�� �4� �4�� 5�7 #������ ! )���� #�3
���( 1�	� #���!� �	F	� ��&R! ������ .  #��4�!� ������

 D>� !� ,� ��3��»��" « !»#� ���� «   �4�� ��4% #�4�� )�/I� .
  #��	
3�4� ��&4R! �#���!� ��" ������ #���   �� ! �4�"�� ��43

���B z	
6�   4� ���4$ ,4F	� ��	� ��� GH� #�3�| #�3   ���4�(

 ���� ������ �� ," E�U��  #�3��� 0
�� �� #���!� ����	� �#�
� ���� ,�.I� 0���! �� ����! �	% .  

 f�� ��)HPMS( ,&H$ �	�� ����" K��&� ��� 0��	2  �b!�4c #���
��?44/3 : 44� ,44+�� ��B�44� ,448>���� �d44����� �#��44�!� ���44� �  

    ! 4��3� 1�4/��Y� �#��	
3�4� �#���!� #���.
2 #��� ,I+V
,��% ! #���!� ��&R!�3.  

  
3-3   �!�HI �6'�& J�K��& )�&(FL� � M6�
� )�#  

,��<( }7	
&�   =�4>?�� 04��2 !� ,� ,F	� �� #������ ! )���� #�3
� ��	% .    ��	4� �� ,4" �	4�" �3 #������ ������?�� M	H� �f!�

s� ��	� ��� z	�� f�
2� �	%� .     �4� ,4" #���4��� #��4%!� �5!�
 ,� ,F	� r	��      #�43 ��4��	� ! 1�4����� ! #��4�!� �4� ���A ��XY�

��?/3 5�6�� 0��$ �	F	�.  
 ��� 1�/�~� �s� ��	� W���% ! L��3� ,� #������ #�3������?��

���� �?/� .� , M	H� 0$��U �&� ,� (���� M	H� �." �	V
���B f	+$ 0��$ 3� ��� 1�/�~� ��(��� ����� . )4�� ��  K��4�

   ��<4�� 5�4� �� ," (���� M	H� #��� M�H� #�3���&�HDM-4 
� ���� ,?��( ���$ ����?�� ��	� <�� QB�4% ,� ��	� IRI   ���4%�

�"� .   K�4
3 ��4�� �� #������c (���� M	H� �D3!xc K�� ��
    ���
44% f!�44F 1�F��44�� M�44% ,44� ! QB�44%)1 ( �44s� ��  

� ,?��( ��	%.  
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 �=�1.  *9? ���D��*<�&
� �9�9� )+���� ��
�(� M��6� )HPMS(  ]5.[  

وروديت-١ هاي داده  هيه

نگهداريراهكارهاياوليهانتخاب-٣ و  ترميم
پيشگيرانه،(  نگهداري روزمره، ونگهداري  )بازسازيترميم

ت نقليه، وسايل ناوگان ورافيكمشخصات
ارزي هم شراضرايب محيطي،، مشخصاتيط

و طرح، سرعت راه، ...هندسي

روسازي، نگهداري و ساخت بهايتاريخچه
و مصالح مناسبواحد عمليات وانواع ترميم
و،نگهداري تورم تنزيل، ...نرخ

ها»اقتصادي«و»فني«ارزيابي-۴ گزينه
نرم از استفاده وHDM-4افزارهايبا

ELMOD-5

سلسله-۵ تحليل فرآيند از استفاده با ها گزينه بندي اولويت و سازي بهينه
 )AHP(تبيمرا

نهايي-۶ گيري روشوتصميم  نگهداريانتخاب

راهكارهابررسي مختلفتأثير مدلهايي بر
روسازياضمحلال

ايشامل سازه تركمقاومت ناهمواري، ،
چرخها، مسير گودي چاله، هوازدگي، خوردگي،

اصطكاكي مقاومت و

فعلي خالص ارزش راهكارهامحاسبه
هزينه راهشامل اداره نگهداري(هاي و ) ساخت

هزينه و(كنندهاستفادههايو تأخير تصادفات،
نقليه وسيله  )عملكرد

روسازي-٢ بندي قطعه و  ارزيابي
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3-4  �!�HI )��T�C& � *!� *���+�&  �#  
     P4.?>� #�43 ,4��<( #��4*?$� ! 4�� ������ �	s�� ,�   K4�� ��

w44�I�� #�443��<�� 5�44� �� �4�HDM  !5�ELMOD10 
 ����?�� ��%��� .  

 f�4� .�.�� =	'��'4�HDM      04�.�� 5	4��� �4� 4�?+�
 #���!� �
2 ,B�'��� .       #���	4� 4��� D�4c #��4� f�4� K4��

 1��X� ���� f@�
R� ��!� �	8
3��&R! ���   #����4� ��4�� �� �
���(���" ����?�� 1��X�  !   �� �4H��� ! 2�
?F� �#��*?$� 1��X�

��!� d� �
2 ,B�' f@B }��	
2 ," #�15  ��40 � f��   ��4%��
� ,� ��" �!�.  

��4�HDM 9!� �� 44%�� #��44*?$� S��44�� P44.?>� #�443
� ���� #������ ,.��!; �b!�c #��F� 0" ,��<3 ,/��I�  P.?>� #�3

         0$��4U ��4�3� ��4�� }7	4
&� ,4" �4�+� ,4��<( d4� �� �#������
  #���4��� v��� #�3������?�� �4���   4� K�4�&�  ��	4% . K�4�8
3  

 E�	?� #��E�� #��� �3 ,��<( �� &��! P�V ,� a	��� #�3 ,��<3
� ��� K�
>� 0�.�� ��!�   f�4� #��� �A #�3 ,��<3 ,�." ! �	%

�� ��!A�� ���% Q>�� #��+ ��	%.  
� �%���� �� �c 1�2@V,� a	���  #���!� <�B ! ��� ����?�� ��

���?�� �� FWD� 5�6�� �� ��	�&� 1�+���11  ,?�4/�?�7� f!�� �
 ,4�7 �� d� �3   ! #��4�!� #�43 K�4�8
3     �X~4� ���>4R ��42

� K��&� #���!� �	%.   
f	
&�9!� K��� ��	�&� 1�+���� #�3  1�42@V� 0�.�� 0��%

� ,,.��! 5�� ��<�� #�43 5-Elmod�Modulus� BackMich  ! 
9!� K��AU��V ,��� 	?%A #���!�) f��1993 (���.  

     ! #� ,��44R v�44� <44�B ! �44�� ���?44�� �� �44��F f�44� ��  
5����<�� Elmod5 ,�7 ,?�/�?�7� f!�� K��&� �	s�� ,�   ����?4�� �43
�         :��4R ! #��4�!� 04" �X~4� f!�4� K�4�&� �	4s�� ,� ��	%

 5�4� �� ��?/� ��B (���F��  ��<4��Elmod5   #��4�!� ,42	
6�  
44� , 0��44% ,44�7 d44� 1�	44� #�443 ,44�7?E��44�A  #�443 ,44�7 !

���+/'��t )������� ! ����(  4� 4��&� �  �	4% .   �� �4� ��4�
 K?%�� ���?B�PE  ���4� ��42 �   #��4�!� �X~4� #�)( effSN   �4�

K��A �� ," ��� ,H��� �� ����?�� �   	?4%A #��4�!� U��V ,��1993 
� ���� ��% T��>?�� ,� �����A ]6:[  

  
 30045.0 peff EDSN � )5                                   (  

  

�A �� ,":  
D = ,�7 0" ���>R ���� :/U�� �#���!� #�3! �  
Ep= ,�7 0" �X~� f!��  :/U�� �#���!� #�3psi.  

  #��4�!� ��4�� ��	� ���>R ��2)( dSN     ,4H��� �� ����?4�� �4�
#���!� M�V 	?%A)1993 (� ,+���� �HB ! &� �� ! �	% . K��

��� ��� 0�% ,� ,H��� ]6:[  
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    �#��4�!� ��4�� ��	4� ���>R ��2 �� �X~� ���>R ��2 �/" ��

 ���� ��	� ���>R ��2 �	+
" ��� M�% ,�K��&� � �	%:  
  

effd SNSNdSN ��                                        )7 (  
  

� ����>R ��2 �	+
" ����I� }�?���� ,  K�4�&� ��F *B�% ��	�2
 f�44� L�443 S��44� �� #� ���44� �44�!�I� ��44�&� �44�
3� :��44R

)HPMS( � ���$ ����?�� ��	� ���( .  
  
3-5   �!�HI )(!� ���'�& 	�� �� �#AHP 

     f�44� �� 44+���� ,.44/.� 044�.�� �� ����?44��HPMS  0��44%  
��� ��� 0U���:  

PE�-   L�3 P��&�  
=- �3 ,��<( =�>?��  
T-  �3���&� =�>?��#��( )�
*� #  
�-  �3���&� ��! K��&�  
�- L�3 S��� �B��  
!- ,��<( #��� ��	E!� �3  

 ���F f�� �� ���� �� �c3���&���&?� #� K���c 1�I�I�� ! ! 
 ��	�,F    ��� ��4���%��" ,4��6� ,�)    )�I?4/� 3�	4B�s� Z4B� �4�( 

 K��?
��,��<( #��*?$� ! �� ������ #�3���&�  �3    �4�� M�4% ,4�
 =�>?��%�:  



��&+��AB� )
C�� � *����?)��� 

 ���!"#�$�� ���  ������ ���� ����� ���� ��� ����1385                 106 

V'&-   
��&�����T�C&):       �4
2 ,4B�' #�43 ,4��<3 04�.�� ,6�?�
��<�� 5�� �� #���!�4�HDMQB�% � �!��?� #��*?$� #�3

  )4�� ,4" ��� 4�   �+4/� �4��A K��)/( CostNPV   �4�� . K4��  
 �+/����� ��% ,j��� ��� �� �A ,H��� ,"    ,4��<( ��4
� #���  �43

� Q>��  ! �	% f�� ��)HPMS (� ,  ��	4�2  QB�4%  ��4�&�
� ���$ ����?�� ��	� ��*?$� ���(.  

  
� �
� �ij

ij
ji tt

NPVNPV
E

coscos �

�
�                                    )8(  

  
��  q	� ,H���iNPV!jNPV   :4���� ,4� #�43  9���  QE�4B

,��<( .&�#�3 ��������( ! �� ! ��?/3 ��itcos !jtcos  <4��
��?/3 ���A ,��<3 ������.  

  
J-   � *��&�R6"�
:        ��	
3�4� �H4� �4� !��	4B ,4" ��4��

�"�U �     =�?4% �4��o� �� 4%�� �������� ?U���� K��?��� ���"
     ��	4�2 �4�� �4�� K4�� ," ��� ���� ,� �+/� #�	
2» 9��4E «

� ,?B��% �	% .  W4�	� ��% 5�6�� 1�I�I��Lio !Herman ]7[ 
  )�I?4/� �	V ,� �9��E ������?�� ���&� L����� ," ��� ���� ����

#��	� ��2 �� )RN(12 �~� W�	� ��% P��&�  ,4/NCHRP  ��
 �4�� a�+���]8[ .       ��(�4�� �� ,4" �4% 1�4+X� 1�4I�I�� K�4
3 ��

 ���(���" ����?��IRI � ,
� )�I?/� �	V    P�4�	� �4��	� ���4�' 
�%�� #��	� ����" �� �	B .  

 ��4�HDM � ��2IRI � ,   #��	
3�4� #��4� *B�% ��	�2
� ����?�� ���F GH�  �	4%     �� #� ��4
2 D4>� ,4"   #�43 ,4��<3

� ,+���� �A �� :���?� ��(���" ����?�� �	%.    D��<4�� ��4�IRI 
)3 #�	�� ��� ���&� �&� �d����� ��� �� }�
�I?/�    ,4B�' 4V ���

  #� ���4� ��42 ���� ,�!� K� �#���!� �
2 ! �  1�4% 4���B  �43
��� :���?� .  

 f�� ��)HPMS(  � 4?U�� ��4�&� � K�4���     ��42 �� ����?4�� �4�
 ," #��	����� ��% P��&� ��� 1�	*�  � ���6�� �	% ]7.[  

  

),...,3,2,1(,
343.0

log63.25
1 Nj

N

IRI
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j

isj
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�
�
�      )9(  

  

  
�A �� ,":  

isjIRI =   ��?�	.�" �� �?� :/U �� ..
E� K�� #��	
3�� QB�%

 ,��<( #���s  ,&H$ ��i   f�� �� !j #���!� M�V ��!� 5�! �  
isRN=  #��	44� ��442 ,44��<(s  ,44&H$ ��i  M�44V ��!� #��44� �

 #���!����.  
W- �+�� ������)&  :  )4�� �� 4��     �4� ��Z4(��XY� 04��	2 K��4�

��A ���� �
2 f	V ! #���!� ���.
2  ���� ��!�I�  #�  ��� )4/F
�44�� . f�44� ��HPMS   �44�!�I� #��44� ����?44�� ��	44� �?����44c  
���� QB�% K������ �#�SNP  � #���!� M�V ��!� V ," ��

,��<( �� d� �3 #��� ��� ,H��� #��(���� ��� ,+���� �3 �	% .  

N

SNP
SNP

N

j
isj

is

�
�� 1                                          )10(  

  
�A �� ,":  

isjSNP=    �� #��4�!� ��4% M@�� ���>R ��2   �4�t f	4*�
 f�� �����)d�B f	*�(  ,��<( #���s  ,&H$ ��i  f�� �� !j  5�

#���!� M�V ��!�! �   
isSNP=  4*� �� #���!� ��% M@�� ���>R ��2 K������	 f

 ,��<( #��� �d�Bs  ,&H$ ��i  M�V ��!� V !���.  
 ��<�� 5��4�HDM f�� �� ����?�� ��   #��E�4� �f@�
R� #�3

��E�&� ��XY� #��E�� ! #������ #�3    �4� ,4" ��(�4��" ����?�� ��XY�
0�.�� W�	� ��% ��&� :���R �� ����?��   4� ��+�E�4" �(   ���	4%

�?����c ���I�isjSNP  #��� ��� d�  ��!� #��E�4� �� �3 ,��<( d
� ,+���� M�V ��".  

  

�-  *X"=#+ �6A6?:   f�4� ��)HPMS(    d4� �43 1���XY4� � ��  
�<(,�/� ���3� ����" �� �3     4����� 1!�4�$ d4
" ,4� }�
�I?

� 3����?�� ! #��� ��	E!� ��	% .  �?����4c �f�� K�� ��)DF(13 
� ,     ,4��<( ��XY4� 3���4�?�� ��4�&� ��	4�2     4��3� �4���" �4� �43     

� P��&� 	%�  .  
��<�� 5�� #��F� ! ���� ��	� 1�2@V� ,��� �� �c 4�HDM  �

&� QB�% #�3�?����c ����I�    4F!�B v��4?� �� ����?4�� �4� �3���     
5��� ,+���� ��<�� ��	% .  

/��I� f!�F 5�6�� �� ���#�3 ,  9!� ,� F!�AHP  �3!�(
� K��&� �3���&� ��
3� :���R	% ������ ! ���3���&� ��!   ,4�
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  0�4% �� ��% ���� ���� 1�	�2   4� 04�
��  �	4% .  43� ��!
   d4� �43 ��
3� ��<�� ,� ,F	� �� �3���&�    �7	�4/� #��4� �4��A ��

       �	4F	� #��4�!� #�4�����B �4.2 K?��4( �4s� �� �4� ! ,V	���  
� 5�6�� �	%.  

  

  
  

 �=�2. �#��6G� +� Y�
���  

  f�44� �� #�44�( )�
44*� L�443 S��44�HPMS �44�� 0�44% ,44� �  
� P��&�	%�:  

)()(

)()()(

43

21

DFSNP
RNEZMaximize ji

��

��

	

		�                 ( 4- 6 ) 

 �q	4� ,H��� ��1� !2� !3� !4�     �43���&� �4�
3� :���4R
     �����4� 0��4�� ! ,4V	��� ��4���%��" 3!�( �s� �� ," ��?/3

� K��&� �3���&� ��	% .      ���� ���4$ �4� ���� �� D4>� �43 ��	4� ��
� ����I� ,�R ! �3���&� QB�% #��� ���A ��� �3���&� ��! :�

 Q>�� ,��<( �3 +/� ���?�� �L�3 S��� ��%�� !    ,4� �43 ,��<(
��	E!� ���?�� :���� � #��� ��	% .,��<(    �� ��4�?�� K��?4��� ," #�

� , ����  ���!A�s� �� :���� #��*?$� ! ��   #��4� ,4��<( K���
 #���!� #������ ! )�����s� ��	� ���  .  

  
3-6  (FL� 	�� J�K��&)�&  

��	E!� K?%�Z( )3 ���" ��� #�3 ,      �� d4� �43 #��4� ��4�A �4��
D>�     �4���F� 0j�4/� K?��4( �4s� �� �� ! ���� ��� ��� #�3

� =�>?�� �b!�c �� D>� �3 #������ 9!� �	%     .  
  
4.  *"���+Z )&
N& �(�  

 K�� ��w�I�� ����� ���% ���(�<� q�% ,� =�t ��/�  �����) �U
	� ����� 0���.&�A 0c �� �����( ! =�>?�� #��	� ,&E�H� ��	�2 ,� 

   ��!� d4� 4V #���!� �
2 ,B�' 0�.��20    5�46�� ,E�4�  �4% �

,44" #�	44H�  #��E�44���44?�� #�44�?�� ! M�44V  :44���� ,44�2005 !  
2024 ��% �	s��� .  

,/�~�  IBRD14�b!�c #��� 0�<�� ��� �    �� ���4�� �� 4���
2 #�3
 �����12  K��&� �����"! �� K������� � #��*?$� ������ �� ��2 K�

���(�<� #������! )���� M�V  ���4%      ���4$ ����?4�� ��	4� ��4���
 �(��]8.[  

 ���(�<� �B�� ���F� 1��.
2 �����f�� ��1370   ��4tA 4% ! ��
f�� �� ��A �� #����� ����1373 ��� ��% ��tA.   ���4(�<� K4��  ��

 �	+2 WB ,� #���� ��F �3��� . a	4HB ��2  #�	4+260/3 
 ����� ��/� 0" f	V ! �?�16 ��� �?�	.�"   .  

���� �� D����A v��?�#�3 ���% 5�6��   #�3 ,�7 ���>R K������
���� ���(�<� �� ��% ��F� #���!��� ,��� M�% 9��<(��%���:  

� ,�7 #�43         ���4��� ,4�7 ,4� �4� 0
?4�� ��4% ��4F� ?E��4�A  
 #��?��>R ,�7  !6  !6  ��4?� ?���    ,4�7 d4� !5   ?��4�
� ��c	� #�?� �%�� .��$ z	
6� ��#�3  #���� ,�E!� �E���A
 ����� ?��>R24 �?
�?��� ��?/3. 

�  #�3��$ ���>R,��� GE�*�#�  }�2	
6� ���� ��� ! ����
 �!�U28   ���4/� ������ �� ���A d���� ��� ���� �?� ?���
 0������. 

 #��?�� �� #����� ���� ��tA ���� �� f��1383  1�4�.
2 ,�	�8�3 �
)���� ���� )#������ �� ! D"!�(    ,4?���� 1�	4� �A #!� ��
����  1��.
2 ���,�E#��(    #��E�4� 4V ! ��4� ,� �	�"��1377 �

1380 !1383���	� GH� 5�
� �� � ��� ��% 5�6�� ��/� !�.  
 �� ����44(�<� �44� )"�44U ��	443 ! =A W���44% ��44���� �	44s�� ,44�

d��<� 1�2@V�    ���4�� f�
4% �� �I?4/� ���%�	3 ���?/�� K���
 ����?�� �% . ���4(�<� ���� K�� ��  ���4%   ,4� ��4���  �4.2   ��<4��
(������ d�B ,
�� ,IH�� �� S$�! ��% �1���U ,F�� �s� �� !  

��� ,?��( ���$ 5�( ��	?�� ,
�� ��!��� �� .  
���(�<� #���!� ������ ���% �� d� 5�6�� w��V �� ����� #  

D����A#�3  =�>���t ! =�>� M�% ,���� �% 5�6��:  
� �%����  ���B �3  ! ,+����PCI ������?�� w+V(ASTM 

D6433-99)� 
� �   ��<44�� 0��44% ���� 44��" #�443 QB�44% ���44�� �44%���

..
E� K�� #��	
3��(IRI)  (�4%���% w4
2 �(Rutting)  !
  �4��� w4
2  ��� ,4�!�(Macro Texture)     ���?4�� W4�	�

��
�� ��� GH� =�� (RSP)� 
�  ���� ������     <4�B ! �4�� ���?4�� �� ����?�� �� #���!� #�

#� ,��R v�� )FWD(! �  
�  D����A ������� a!�>� y	��)DCP( .  
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      �	�4% ��4�� �4� ! ����4��� 9!� ,4� ����� ���(�<� #��� ,&H$
 	?%A ,��� K��A �� ��% M�H�1993 � , ��� M�%���( 1�	�:  

PE�-  f!� ,&H$ : �?�	.�" ��0   ��4  
=-  5!� ,&H$ : �?�	.�" ��4  ��10  
T-  5	� ,&H$ : �?�	.�" ��10   ��14  
�-  5���' ,&H$ : �?�	.�" ��14  ��16  

      ���4% ���4(�<� #��4�!� #���4��� ! �4�
&� ,8>���� ,� ,F	� ��
����� !        �4�� ,4��<( D4% ���4���%��" 1��4s� K?��4( �s� �� ��

,��<( ��	�&� �E!� #�3 =�>?�� #������ ! )���� , %���:  
1- ,�E 1��.
2 0��% ����!� #�������E���A #��(  
2- � ����!� #������ , ,?�	�c #��� ,��� �� ?E���A D"!� �!@2

 ���>R ,�4 �?
�?����  
3- � ����!� #������ , ,?�	�c #��� ,��� �� ?E���A D"!� �!@2

 ���>R ,�5 �?
�?����  
4- ���!� #������� � , �!@2 !�     #�4�� ,4��� �4� ?E��4�A D"!�

 ���>R ,� ,?�	�c10 �?
�?����  
5- � ����!� #������ ,      ! 0��?4/��	jb ,4�7 d4� #��4F� �!@42

 ���>R ,� ,?�	�c #��� ,��� �� ?E���A D"!�5 �?
�?���! �  
6-   �!@4&� �����!� #������  :4��>�5    ,4�!� �4�$ �� �?
�?��4� 

�	F	� �� �A ��<���F ! 5 ���F ?E���A ,�!� �?
�?���.    
0�% ���
% 3  4&H$ �� �� #���!� f@�
R� ��!�f!� ,   ���4(�<�

� ���� �3� .        �� d4� �43 1���XY4� ,4� ,4F	� �4� ���	4
� K4�� ��  

,��<(..
E� K�� #��	
3�� QB�% ��&R! ��3    �4
2 ,4B�' V
20 ��� ��% Q>�� #���!� ,E��.   
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( #��( ,�E)  ,��c ,��<(  #�?
�?��� 4 D"!�
 #�?
�?��� 5 D"!� #�?
�?��� 10 D"!�
 #�?
�?��� 5 D"!� ! 0��?/��	jb  #�?
�?��� 5  D"!� ! �E���A �� �?
�?��� 5  :��>�  

�=�3.  � )+���� �\;�^& (��� V9�K� )�# �!�HI 
6_`� ��;�
)�&(FL� � M6�
�  SD�� 
�IRI �G.C �� �1 *����� (6F� �&
I�H� ]5[  

  
 ��<�� 5��HDM-4  �� d� �3 #��� �� ��� #��*?$� #�3 QB�%

�  ,+���� �3 ,��<( ��":  
� ��� ����� #�3 ,��<3 0" �	�" 9��� 

� ��� ����� #�3 ,��<3 �� D��<�� 

� ���" #�3 ,��<3 �� D3�"��� ��� 

�  �	�" QE�B 9���NPV 

�  �+/�»NPV/Cost« 

 �� #��*B�% ���� ���
3 ,� q	� #��*?$� #��*B�% ���I�
���(�<� #������ ! )���� #��� ��% M�H�  #�3 ,��<( ���% 

 f!�F 1�F���� w��H� ������)2 (� ,����A ���.  
  

 ��(N2 . � *!� a�TK"��!�H# ���Z
� )&�!�HI )�# V9�K��6�
�*  �)+��F� �G.C �� �b� �&
I�H� *����� (6F� ]5[.  

 ���
%
,��<(  

1��.
2 z	� 

 �	�" 9���
,��<3 0" #�3

��� �����   
(COST) 

 D��<�� ��
 D3�" ��
 ,��<33 #�

��� �����  
(A) 

 �� D3�"
,��<3 #�3  

 ����?��
��(���"  

(B) 

9���  
 �	�" QE�B  

(NPV=B-A) 

�+/� 
NPV/Cost 

 #��	� ��2
���  V

V ��!�M�  
)RN( 

 ��2 K������
���� #� 

�#���! 
(SNP) 

1 �E���A #��( ,�E  1578.736�0.00 0.00 0.00 0.000 1.02 5.64 

2  D"!�4 #�?
�?���  1013.189 -574.55 486692.42 487266.97 480.924 2.43 6.41 

3  D"!�5 #�?
�?��� 1180.148�-407.59 487289.49 487697.08 413.251 2.51 6.54 

4 "!�D10�#�?
�?�� 1967.602�379.87 495256.04 494876.18 251.512  3.06 7.33 

5 
 �!@&� 0��?/��	jb

D"!� 5 �#�?
�?�� 
1479.223�-108.51 492629.07 492737.58 333.106 2.70 7.30 

6 
 ��<���F ! :��>�

D"!� 5 #�?
�?��� 
1279.921�-312.82 494436.58 494749.40 388.063 2.76 6.54 
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��  5�6��AHP   4&H$ #��4� �3���&� ������ �3!�(, f!�   ���4(�<�
 M��� ����� f!�F ���
%)3(  0�
��� 	%�.  

  
 ��(N3 .�&
I�H� ��& �G.C ���� �� �#��6G� ������ Y�
��� *�����  

W  
 ����"
��3�  

��!�I�  
 #� ����  

 ?U��
K�����  

��*?$�   

0.460  3.2  5.5  1.7  1.0  ��*?$�  

0.304  2.0  5.1  1.0    
 ?U��
K�����  

0.061  0.26  1.0      
��!�I�  
#� ����  

0.174  1.0        
 ����"
��3�  

  
 }�?����     ���4(�<� ,4��(���' 1�4&H$ #��4� #��( )�
*� L�3 S��	�

� ��� M�% ,� ������ ���% , ����A��:  
  

f!� ,&H$:  

)(174.0)(061.0
)(304.0)(460.0)(

DFSNP
RNEZMaximize ji

	

		�
                 

  
5!� ,&H$:    

)(175.0)(054.0
)(300.0)(472.0)(

DFSNP
RNEZMaximize ji

	

		�
                 

  
5	� ,&H$:  

)(175.0)(060.0
)(304.0)(462.0)(

DFSNP
RNEZMaximize ji

	

		�
                 

  
5���' ,&H$:  

)(133.0)(249.0
)(243.0)(375.0)(

DFSNP
RNEZMaximize ji

	

		�
                 

  
 #�443�?����cijE �RN  �SNP  !DF D�44cP44��� �� �44�  

)3-5 (��% P��&� ���.  
�� ����I� ���� ���$ � ,  :��4R ! �3���&� QB�% #��� ���A ���

5�� �� �3���&� ��! ��<�� Expert Choice ,4��<( ���� ���?�� �  �43
 ���
% f!�F w��H�)4( � ,+���� 	%� .  

 ��(N4 . ���'�&��!�HI )(!*����� �&
I�H� )�&(FL� � M6�
� )�#  

,��<( M�% 
 ,&H$1  H$ ,&2   ,&H$3   ,&H$4  

���?�� 
����  

���
%  
��	E!�  

���?�� 
����  

���
%  
��	E!�  

���?�� 
���� 

���
%  
��	E!�  

���?�� 
����  

���
%  
��	E!�  

 #��( ,�E
�E���A  

0.040  6  0.037 6  0.039 6  0.049 6  

 D"!�4 
#�?
�?���  

0.197  2  0.204 2  0.197 2  0.189 2  

 D"!�5 
#�?
�?��� 

0.185  4  0.187 4  0.192 4  0.1854  

 D"!�10 
#�?
�?��� 

0.178  5  0.175 5  0.176 5  0.1805  

 0��?/��	jb
 �!@&�
D"!�  

5 
#�?
�?��� 

0.205  1  0.206 1  0202 1  0.2131  

 ! :��>�
 ��<���F

D"!�  
5 

#�?
�?��� 

0.196  3  0.190 3  0.193 3  0.184 3  

  
0�.�� ,6�?�  +���� ,./.�    4c ,4��<( ,4" �4/�A ���3� ���� �)6�

�&�         ,4� ?E��4�A D4"!� �!@4&� 0��?4/��	jb ,4�7 d4� #��F�
 ���>R5 � ���(�<� ,&H$ ���' �3 �� ��?
�?��� ,   �4�	E!� ��	4�2

��� ��% ,?B��% �/>� . K?��( �s� �� �� K������� 5�4
�   :4��	F
     ��4/� ,4&H$ ��4�' �43 �� ��F� ��F ,��<( K�� �#��*?$� ! ��

� =�>?�� �	% .  
  
5. d6��6I �)
  

 K�� ��w�I�� ��� E��� ,% �A �� ����?�� �� ," � ������ �	s�� ,�
 S��4F! ,����   �4�3�� #��4�!� �	4F	� # �    #��4*B�% �4� �!@42

 �#��*?$� )�� #�3�?����c ���������   �	4+�� �4���"  ��4��   �#����4�
���� ��&R! �	+��     4��3� �4� �43 ,��<( 1���XY� ! #���!� #�

����  � ! #�4�( )�
*� #��+�      ! )���4� #�43 ,4��<( #�4�� �4�	E!
� ���$ #������ ����(.   

 ��<�� 5��HDM-4      ��4�F d4��� W4�	� ,4" ,4���    ��4�� ��4%
,����� ,����� )�s�� #��� ��A��" ! ���� 
?/��    �	4�� �� #��Z4(

��3�� #������ ! �B����    ,4" ��43���&� ! 04��	2 �	F! ��� �
c �� D�� ���?/�� E	c 9��� ,� 0��+� 0��$  #��E�4� �� ����?�� D�
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         �4�3�� �����4� �4�� �� �� ���4�&� �4�' #�4�( )�
4*� �4� �?+���� ,?B�� #�!�R .  
)����� D3!xc K�� ��!�?�� K���� E�� ,���F    �� ����?4�� #��4�

��<�� 5�� F!�B#�3  HDM-4!ELMOD-5   ��)�
*�   #�4�(
����&���'  d
" ,� ��" K�� ," ��� ��� ,.4/.� 0�.�� ���A�� 4+� 

)AHP( � .
2 	%�.     ��4% ,4j��� f�4� ��' �3 �x4�!   �����4�
 �b!�c GH� �� #���!����� ��� � , 0�E�    ���4/� #��Z4c L�4H&��

 ��A ���� ! ,��<( ! �3���&� K?��( �s� �� ��   GH4��� �:4���� #�3
��� ����?�� 0��$ <�� ��3�� ,�+% .  

� ��(����( )�
*� f�� K�� �� ����?�� �� �4� ����	�   ��! �� �4��o�
�� K��8
3 ! �#��( )�
*� #�3���&��� 3�(A #�3 ��(���   ��4
�

 9!� ,� ���s�+U��AHP �3!�(  :����  ��� K��4� ,���� ! K���
 =�>?��  ��3�� �?�� ������ #��� �� K�
� 0U��"� .  

       ��4�&� ,4" �4/�A �� "�4U ��4% 5�46�� #��	� ,&E�H�»  3���4�
#��*?$�« )�� �?����4c K���    �4� ��Z4(��X��   ! )���4� 9!� =�4>?��

��3�� #��������  !���  #�3���&�»K����� ?U��« �»  �4���"
��3�«  !»���� ��!�I� #�« :���� ,� #����  �� ��
3� K��?���
)�
*�#��(�3 ��?/3 .K�������  d4�8�3    ��4% ��4� 04��	2 ��    ,4�

    ,4��<( #�4�� �4�	E!� #��� +���� ���&� ����	� 
� �����  ! �43
��%�� #������ 9!� =�>?��.   
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ABSTRACT 
To develop an optimal pavement management system, several factors such as economic 
indices, improved utilization parameters, improvement in structural situation of pavements 
and the effect of options on the environment, social and safety measures, etc…. should be 
considered. Inputting the above mentioned parameters into the priority chain of the 
determined options, requires a multi disciplinary decision making process. In this paper, a 
model on the basis of Analytical Hierarchy Process has been developed. 
In order to evaluate the technical and economic aspects of the model's options, first of all the 
input data required for Elmod-5 and HDM-4 programs is prepared. Prioritization of repair 
and maintenance options and finally decision making for determination of the preferred 
option is done by AHP and Expert Choice Software, using the results obtained from 
implementation of the model. 
The pavement management system is usually practiced in two network and project levels. In 
the pavement management at the network level, the priority of projects and the operations 
regarding their maintenance and time schedule is determined by the present limitations, while 
in the project level, the implementation of various methods of repair and maintenance for a 
specific project is evaluated and compared. 
In this research a model has been designed for the pavement management in which by using 
the Life Cycle Cost Analysis and the AHP, the prioritization of options and decision making 
about the pavement management is improved. The construction phases of the MPHS Model 
are as follows: 
- Supply of input data 
- Preliminary evaluation and segmentation of pavement 
- The preliminary selection of repair and maintenance options 
- Techno economic evaluation of options 
- Prioritization of options 
- Choice of maintenance method 
-  
The HDM–4 and ELMOD-5 software have been used for techno economic evaluation of the 
various options. The analytical framework of the HDM-4 Model is based on the Pavement 
Life Cycle Cost Analysis. This model is used for prediction of factors such as road 
destruction and ageing, effects of the road situation on utilization, effects of the road users, 
and finally environmental, technical and economic effects on the life cycle of a pavement 
which is usually 15-40 years.  
 In the new model, on the basis of comprehensive literature review as well as the experiences 
of experts (direct interview), the most important factors for techno economic evaluation of 
options were selected. These factors include economic parameters, the comfort of vehicles' 
users, the structural stability and the drainage quality. 



In this research, the Western – Eastern route of Shahid Babaiee Expressway in Tehran was 
chosen as the case study and the pavement life cycle analysis for a period of twenty years was 
implemented. 
Using this model, the decision makers can choose the most suitable and optimal way for the 
improved management of pavements through changing the weight of decision measurements 
and recognition of the experts' experiences and viewpoints, using the group AHP Method. 
This study is illustrative of the fact that the criteria of "economic output" is the most 
important parameter affecting the repair and maintenance choice and then some other 
parameters like the comfort of the vehicles attendants, the quality of drainage and the 
structural stability are accordingly the other important parameters in decision making process. 
Therefore, none of the above mentioned factors can merely be the suitable criterion for the 
prioritization of options and the choice of the suitable maintenance method. 
 
Keywords: Pavements, pavement management systems, AHP, life-cycle-cost 

 


