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Purpose: Project deviations are so significant that various methods have been proposed to measure 

them over the years. Earned Duration Management (EDM) is a method that measures project 

evaluation indexes only by considering the past trend of project execution compared to the baseline 

program. It ignores all the other factors, which cause much information to be lost to guide managers. 

Therefore, in this study, a process is proposed. During this process, it is possible to develop EDM 

indicators using key performance indicators of project quality in a fuzzy manner and based on the 

identified substantial risks. 

 

Design/methodology/approach: A list of risks was initially identified based on the PMBOK 

standard's category, and project managers selected the most important ones. In the next step, based on 

the most critical risks, two key indicators of project equipment and execution performance were 

defined. Such indicators were presented to managers again to determine their future impact on the 

project. By defining a triangular fuzzy number, the definite evaluations became fuzzy, since experts 

expressed the effect in linguistic variables. Finally, the indicators entered into the EDM, and the 

method was developed.  

 

Findings: In this study, Key Performance Indicators were used to increase EDM’s accuracy. First, the 

three risks of delay in receiving project resources, lack of timely allocation of financial resources, and 

disruption in materials preparation were identified as the main risks. Then, to study the status of the 

risks, two indicators were defined (PSI, PEI). These two indicators were estimated, up to 50% of the 

simulated project. Concerning the first indicator, the more the value, the more acceptable project 
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performance was. Considering another indicator, the situation was contrariwise. Then, the future 

status of the indicators was examined by consulting managers and making the indicators in a fuzzy 

manner. The effect of the indicators was determined through the EDTC variable in the EDM. It 

should be noted that the final estimated time was used to measure the accuracy of the proposed 

method. The studied project was simulated using the prevailing situation in Matlab software. The end 

time of this simulated project was estimated at 1300 days. Then, the project was evaluated day by day 

till its 50% completion using EDM, and the end time of 1225 days was estimated. The same 

evaluation was performed for the proposed method, and the final time (1270, 1247, 1240) was 

determined. Because this time was closer to the simulated time, it was evident that the proposed 

method had the highest accuracy. 

 

Research limitations/implications: In this study, to prevent information disclosure, project 

simulation was used instead of the actual project to evaluate the indicators and advance the project. 

Therefore, although the accuracy was estimated in this paper, its more exact value might be requested 

in future research. Consequently, the proposed method can be applied in an actual project, and the 

accuracy of the model can be measured, consequently.  

 

Practical implications: The proposed process and method in this research can be used in the 

implementation and planning stages of any other project. The process should be localized because the 

risks vary from project to project. Besides, the critical risks of each project cannot be compared with 

the other projects. Therefore, after examining each project's risks and defining indicators related to the 

selected risks, the proposed method can be applied in all project-based organizations and on any 

project type. 

 

Social implications: Today, the construction and operation of projects are among the factors that 

affect the countries' growth and development. Deviations from the budgets allocated to the project are 

an integral part of project implementation and are not dependent upon a specific area or even a 

particular management and implementation method. Therefore, proper planning and control of 

projects are essential. This paper provides an effective model for senior project managers to complete 

projects on time. Successful implementation of projects leads to economic prosperity. Also, 

improving the quality and performance provides a calmer social environment for people and creates 

many environmental benefits. 

 

Originality/value: In this study, the indicators of the EDM method were developed using the key 

performance indexes. Such indexes were associated with the quality of project performance execution 

and were estimated under uncertainty conditions; thereby, more information can be transferred to the 

project management. The defined performance indicators are measurable during the process, and their 

impact on the ongoing project is monitored. The innovations of this study are twofold: Applying the 

performance index developed the EDM method; and defining the quality performance index in fuzzy 

terms. 

 

Keywords: Earned Duration Management (EDM), Key Performance Indicators (KPI), Uncertainty, 
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C+ ?+� K/	� \C ����?��>2 5	T	�  A�� 
���
9�� ^��	�  �Nq��� T2�� ��+� 
C+�= u/�
��)30 �2013(� ?+ >�8� �D >� .�:� �C�� >5   �A�    �ANq� �A^+ i
AC


/�+�� ��:� �C4 D >� � �Nq�/�,�� T2� �^+ >5�  
A/�+�� �� :A�  �AC4  AT2��   A� >A�T7�  ��A�.   ���A	� �A�   $�� 4?�A8
v�`� :��� �^+ ��
�     4�+�Ac�� �A� 
A1� X�7 �� .
� 
C+�= ����?�+ �T2� � �Nq� ���3 �� �C >� �;��� ���? �� �C

  ���A6/D ?+ Z[8 P
� 
C+�= �]+�G �;��� ���? �� �+%7�^+ �T	5 J=�� �RC�S� M2	.	� � O�+�� I�+ ��	� o�N��+
J=�� >5 >��%7 �C + M��� �� ��8+ �-/�� �]+�G ��U�� ���QG �U��= �,2� � ���     �K/
A� +� �;��A� �A
1" 4�C

�� �+�c     J=�A� <
A2�D �	1A}� �A� >`�+� �� ��,/D �K/ �8��� � 
��+ �+��
� >� >1U+�� �� .
C�   B	�Ak� �AC   4�A	7
 J=�A� �	1}� �� >`�+� �� �/��? 4�C�	_�� ��U� � ��7�N= ��7�/�7 �+�K/ >� >U�� �� .
� 
C+�=  ��� ��AC  �A8

>� >� �� � 4?�" M/�7         �A� �A	_�� IA�+ �A^+ �A8��� 4+�A� �X�6/+�A8 .�"�7 
C+�= ���3 4?�" �q
q� �+
�+ 4�	7��5
J=�� F�5 ���? @�G ?+ �N	5�� @
� ��/��? 4�C J=�� � �
�  O0� .
� 
C+�= ��+� >E+�+ ��T	5 4�C1   
A2�D�"
 <;������� >1��`� �� ��./ +�   .
C�  

  
O � 1- (.�/�? )�%.� ���-
 	@
�D
 �J 9� �!Q��
) B��CR OQ��
 *.��  

 �;��� 4�2N� M��/�� �"���� 

J=�� I		1�:��� ?+ ���T�8+ ��  

:��� ?+ ���	� M	,��;��� 4�C  

 Y�V�/+ 4+�� �+��
� >� ��	� ME+�+
:��� I����+%7�^+ 

�
� Y�V�/+ :��� ��D 

 �8��� 4+�� �+��
� >� J=�� ME+�+
�D <
2�D �	1}� 

 �T3 :��� �^+ ��D
������ 

 >� ����EDM   �� �D �^+ R628 4+��
J=��  O	�0� 4�C
3�� �� ���? 4�C

�;��� ���T�� 

>
� 

����>=�m ?+ �"�  

�	= 

�	= 


2�D�" ����� 

 
3�� �C �� 
2�D�" �+�0�
�+�V�� O	�0� 

>
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4- KL� ��
� :-( 	@'-R) $���� ,�� T+�� �J �*�  (�� !"# �*�!� ���(KFEDM) 

 $�� ��KFEDM J=�� �^+ +
��+ �\	/ �	��1" �� �;��� 4+�U+ �	T	5 4�C     �
	62A8 (��A= f`A8) �;��� 4�C
�� >� �� �D ?+ Z� � ��� �� >�=+��� (�;��� f`8) �Q5 f`8 ��N8�9� >� ��= f`8 4�	7��5 �2�T7 .���   ��A8+

J=�� �� +�U+ �	T	5 4�C �;��� ?+ �
/+�� ����3�� ��� P
��� ���T�� �-�� <;��� >� 4+       >A� ��;��A� :A� �� >A5
F�5 ���? @�G $�� M18�� 
kc  a�+�� y�8+ �� ���� >N8�9� �
�25-33 ��5%� $�� M18�� >� �62�  
C+�=

 .
�{b��1�  M`�+� ��1  �+\	�EDTC �� >N8�9� ��7�N= ?+ �C+�=�K/ ��       ��;��A� �A	_�� �A	C�� >A� >AU�� �� .���
:���  �	_�� I	�V� �� �`= ��0�+ ��8+ �+%7�^+ �D �� >5 4��	�� O�+�� � �C>�T7 �
� �� R�+\"+  �� I�+���2� P
���

J=�� :�5 �� �	_�� I�+ �RC�S� I�+ �`� ��0
�� �	T	5 4�C v �� �
	628 ��
�  M`�+� .���25  �+\	�API   �A� +�
>� J=�� 4�	7��5 �� ��./ 4?�" ��0
�� �	T	5 4
	
5 4�C  J=�� I�+ >5 ���6/D ?+ .
C�>� `8+�J=�� M  4�C

J=�� � �C�	_�� ����� ��8+ �
� v�`� 4?�" >� �1`c ���] ?+ 
��� ��D �� aN��� 4�C    � ��A� O�
AN� 4?�" M/�7
+ �� .��	7 X�6/+ ��" I�+ �� �,/D ��N8�9� �>`�+� I�Q J=�� �+
1� �� ��./ +� �;��� 4+�U+ �	T	5 4�C   >A5 �
C�

��  �+
1� >� 
/+��N J=�� ��8+ �5� ����� .��� �"�1� >� +�U+ �	T	5 4�C     �A1c+� 4�AC?�� ?+ �2	-/�A	� ���3
 a�+�� .
� >�"�7 �K/ �� ��;��� 4+�U+26-33 J=�� ���8 \	/  4�CFKEDM �� ��./ +�    >A� >AU�� �� .
C�  X
A�

���=�  �	_��EDTC  Oq� ���C�	_�� ��BPD �ADi �PDi �TAD� TPD J=�A� � �C�	_�� I	2p�C �    aN��A� 4�AC
 �21� �>2�\C ��PV �EV  �SPI v�`� �
Nc a�+�� 
2/��C F�5 ���? @�G RV� O�� �� �
� �� �c�� �
� .
/��  

 

f`8 :��=  

)25(  RS���TU = ���/ V��
 + Wmax {(���� − ��
), 0} ∗ �(1 + R��_ `
���)9
`�� ab 

)26(  RS��TU = ���� × RS���TU  

)27(  RS���TU = RS��TU /��� 
)28(  RS���TU = RS��TU /��� 

:�Q5 f`8  
)29(  RS
��U = � RS��cd�

���  

)30(  RS���U =  RS��(�)U /��s 

)31(  RS���U = RS
��U /
�� 

)32(  RS���U = RS��(�)U /��� 

)33(  RS����U =  ���/RS���U = ��/RS���U  
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    J=�A� �	A�T� �A� >A`�+� �� 
��� �4���� M1��`� >� o���� ��N8�9� ?+ ONc      �� �/�A�? ��A0
�� ���A�?�+ 4�AC
�`�+�� ��5 �N93 >� >5 J=�� .�8+ �
� ��+� a�� 4?�" ��G  Oq� ���CRS���U �RS���U    �A� ���A�?�+ ?+ Z�

 M`�+� M���24 @�
U O0� >� �2 �� �8��� J=�� ��2p�C .
/��  �
� ��	1� �� �C1  �A� �
	628   IA�+ .
/�A�   >A/�7
J=�� �	�T�   .�8+ ���3 �;��� �Q5 � ��= f`8 �� �C 4+�� ���? 4�C  

  

 :�*�2- T+�� ��L�R ���/ ��
� �J����� ��� 

 ��@A� ���/ T+��(KFI) ����� ��@A�   �*# 9J T+�� O�
 �� 
�1 

  

FL� >��/�� ?+ ��  e < 1 ⟶ 
 KFI_ ≥ 1 = 0 

  

�L�FL� {�N� >��/�� ?+ ��  
, < 1 < e ⟶ 
 KFI_ ≥ 1= e − 1e − , 

  

>��/�� �� n��`�  1 = , ⟶ 
 KFI_ ≥ 1 = 1 

  

�L�>��/�� ?+ ���
U {�N�  
* < 1 < , ⟶ 
 KFI_ ≥ 1= , − 1, − * 

  

>��/�� ?+ ���
U  1 < * ⟶ 
 KFI_ ≥ 1 = 1 

  

5 -:�V
 � ���J��� 	@
�D
 ��*#  

5 -1 - �R�@
�D
 ��-
  

X�7 �+� ��\� O� 4\
" M��� �� �RC�S� 4�C  .�"�7 X�6/+ s2�8�� ICD+�I >��� �� 20 >/�C�  
� 
C+�= X�6/+

3�" �� >5M 50 ���4  ?+�
0��- ��+� �+�c. �	��0/�� �;���  �[8 ���?D �b�" �5��	�+
 P�8+ >� 
5��G� +�I   >A���

G� 200 ��1"	� � X�6/+� ��	7  O��� >5X�7 4�C u/� ��=�8 �D	\4� 7���	�4� � � ;��/��	R /+�� �8+  .  
  

5 -2 -����� ��&I
 	
�.�J �/����  

��/��M �2N�4 ;���< ��� �=�8M \
"�4 �G?+�n 
� �� >N]�k���+�  [A8 ���?D �b�" �5�� 
��+	�+
  A� >  �A8�
X�/ a8�� � 
�D  �+\"+Msp >��/�� �/��� 
�.  O0� ��2 .V�� ��/�� ?+M ���? 
2��4   .�8+ �
� ��+� ��./  

  

 
 O �2- 9;<+ ��
�@/ �� ��  W���� ���9@
�D
��-
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5-3-XL�� �'��J ����� �.�
� �� !"# �J ��Y?�Z� O
�-# � ��  

>LNG �:��� 4
2� ��	1}� �C
/��?�8 >� �62� ��  >5 ������I	  X�AK/ ���8�2� 4+�� �1��U 
2�D�" <
225   
A2�
>��/�� �:��� >N2U @��25 4+�� 4\�� ��,� � �T2� 4�C >N2U ?+ 4�+���   ��A�C .�A8+ �D �Nq� 4�C    R	A� >A5 ��AG   �A�

>�8� >02�+ �� �
� v�`� 4
2�  �� �:��� �� >`�+� �� 4��	�� 4�CRC�S� 4�C   >A�"�7 ���3 �;��� @��25 :	���5D
 ��T6/) �8+2009 @�
U �(3 :��� �8��� 4�C   �;��A� ����
� R/+� w��U 4��2C+� R�+��� I	���,m nNG �
�

 +� ��./��  ���1��`� ���� >� o���� >5 
C�>�T7 �8+ �
�  .  
 

 :�*�3- [\
 �R�] ��XL ��� �'�&���  �J �*��.�
� �� !"# ����� 

>LNG 
2� 4:���  d���  :��� d	3��  

�2" :���- �T	5- 
4��0
��  

1  d	1} 4;���20�  
2  ����?D��5�/ 4��	/  
3  �+�� �	T	5 �� �		_�  
4  I	��� >� F	8D �bD  

���� :��� �/��?�8  

5   F8�2��/ �����U8�����	  
6  ��-�8� ��+�= �C  
7  >2�\C F8�2��/ ���D��  
8  �/��/+ 4��	/ ��N�5  
9   ��N�5�7��5  

�����
� :���  

10  �;��� w��2� �"���� �� �	=��  
11  >��/�� �8���/ 4\��  
12  +�U+ I	] ��]Q3+  
13  ��,� �� n"+�� X
� 4�+���  
14  �b�e�� �		_�  

���� :��� �/��?�8  

15  ��5 4��	/ � >	��+ �+�� M2�\C R�+\"+  
16  4?�+ ��/�8�/  
17  >� J	kV� X
� ���� w��2� wc��  
18  f��k� M	,� �� @Q�=+  
19  >Nc����	t ��+�] ��c�  
20  �=�8 ��0/��	� �/+���/  
21  ����� I	/+�c �� �		_�  
22  ����k��+  

  

5-4- ����� ����� ����� T+�� �Q��(  

 :��� >8 �
/��5 ��	� ��/D ?+ �C+�=�K/ � �;��� �+��
� >� ��	� ME+�+ ?+ Z�10 �17  �18   @�
AU �� ��U��
3  �^+ I���.	�+�  �>5 +�m P��+� 
2C+�= �;��� 4+�U+ �	T	5 ��>/ �,2� ���? w��2� I	���   w��A2� >p/�2m >0
� ��8+ ��

�� ��5 ?+ �D I	��� ���? �� �;��� �
8�� X���+ >�           I�+���A2� P�A8+ �A0�\	" � ���A� w��A2� O��A� w��A2� IA�+ .
�A��+



 ����� �� ����� ����� ����� � ��
� �� !"# $%&')*# "(���&�  / �2�x� ��k2� � ���
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:��� >	N� �� ��+�V�� O	�0� 4�C
3�� �� FV�2� 4�C   MA`�+� nNG ��;��� \	,6� J=�� �� �� �;��� 4?�834  �
 M`�+� M��� �� +�U+ ��0
�� J=��35 .
/
� ����?�+  

)34(  �"� = ∑ "� ∑ k�l  

)35(  ��� = ∑ �� ∑ !�l  

�	_�� t �� ��./ +� J=�� 4��U ���? �>`�+� �� �C ��   .
C�  
 ∑St�8+�=�� �+
1� ���6�     >A� �A8��� ��A�? �A� >5 ���� w��2� � >	��+ �+�� 4�C      
A]�� �A� � OA��5 ���A3

�
� �"���� �2�"��%�  .�8+  ∑Rt �8+�=�� O5 �+
1� ���6� .�8+ �8��� ���? �� �C  
 ∑Et�+ >� >5 ���C�`= O5 �+
1� �8��� ���? ��w��2� iQ �62� .�8+ �
�  
 ∑Vt�8��� �+
1� ���3 4�C �� ��./ �8��� ���? �� +� >�"�7 .
C�  

 <;��� �RC�S� I�+ ��>1��`����� �/��? �� 8���� 
�  >550     
A3�� IA�+ �A� .��� ���5 >��6� +� O	�0� 
3��
 �+\	� O	�0�PSI  �PEI >�  a�+�� ��G36  �37  �RC�S� ��N.	� 4+�� .
� >N8�9�4  P
� �8+�=�� >	��+ �+�� ���

 �C wc+���10  �+\	� I�+ ?+ >5 ��N0� ?��3 >� ���  �,2� � 
� �"���� w��2� O��5 ��G1 >� w��2� ���   I	��A� Jc�/ ��G
O0� ~��� �  M`�+� 4�	726 ����?�+ M��� �� .
� ���3 �-�TC 4�C >�"�7 ?+ �6     aAL" �A8��� ��A�1   >A��� ��A�   �AC

>� >/�7 + O0� >� >`�+� I�+���2� P�8+ �
� w��2� iQ�+ ~��� >5 �
� X�6/+ 436   .
�D��  
)36(  �"� = 3 4m = 0.75 

)37(  ��� = 1 6m ⋍ 0.17 

5 -5 -T+�� ��@A� �'��J �*&�^ �� ��  

J=�� ����?�+ 4�C  �;��� M��%7 �	1}� >� �,2� ��
�o����  � �8+ ��D��
2�  ��U� �,/D �� �		_� ��6�+ ��0�+
J=�� I�+ I�+���2� P��+�  �� 
� >E+�+ �+��
� >� �C4+��    ��A= �+�AK/ ��7�N= .
225 XQ�+ +� ��= �K/ ��.	� �8���

  �A	_�� .
� >�"�7 :�5 �
2�D �� �+�		_� �+\	� I		1� 4+�� �4?�" n`2� ?+ I�+���2� P
/��5 ��	� �/��? 4�C�	_�� �� +�
>� �+�		_� �/��?  O0� ���33   .
� >�"�7 �K/ ��  

  

 
O �3-  =����_R ��N�
 9J `-J�
 �.�J� �����_>
�*&�^ ��  

  



84 / ���� ���	
�� � 
	��� ����
�12 ����� �2 ��	�� �25 � �������1400 

B	�k� >/+�	-�V8 ��5 ���+� �;��� 4+�U+ �	1}� �� 4���? ��	�� �^+ ��	_�� >5 ���6/D ?+   @�
AU .
� 4�	74 

225�7?��.�8+ �+�		_� 
3�� <  

 :�*�4- �.�J� �����_>
 =����_R ��*Q  

�/��? �	_��  (I	��� 
]) �		_� 
3��  (a8� 
]) �		_� 
3��  (b�� 
]) �		_� 
3��  

 ��N�
[� W*&�^ �� =����_R  1%  10%  20%  

�'->
 W*&�^ �� =����_R ��N�
  18% 30%  50%  

���� W*&�^ �� =����_R ��N�
  40%  60%  100%  

  
J=�� �+�		_� �+\	� ��;��� �+��
� �K/ y�8+�� �?+
/+ 4�C 4�	7     ��A8+ �A2�T7 .��A� 
C+�= B5 �
2�D �� �
�

>� �+�		_� >`�+� ���3  4�C38  �39 �� @���+ �C�	_�� ��  .���  
)38(  �"�_ = ∑ "� ∑ k�l ∗ (1 + σs) 

)39(  ���_ = ∑ �� ∑ !�l ∗ (1 + σs) 
 
3��50  <;��� X+>1��`�����a�+�� O0� >� �40  �41   aA�+�� M��� �� ��N8�9� .
� >N8�9�18  �20   OA	�0�

  .
�  
)40(  �"�_ = 0.75 ∗ (1 + [1%, 10%, 20%]) = [0.7575, 0.825, 0.9] 
)41(  ���_ = 0.17 ∗ (1 + [1%, 10%, 20%]) = [0.172,0.187,0.204] 

J=�� �^+ >02�+ >� >U�� ��    FA�5 ��A�? @�AG ����
� >� �,/D ���� ��0�+ �
./ �T3 �C     MNA8�9� 4+�A� ��
A�
J=��   .��+� ��U� �/��? ��0
�� �	T	5 4
	
5 4�C  

  
5-6-T+�� 	I'�C
 KL� ��
� :-( ��� �*� ���� 9@'-R W*�  

J=�� MN8�9� �� a�+�� M��� �� �4?�" 4+�U+ �	T	5 ��0
�� 4
	
5 4�C 40  �41J=�� MN8�9� ��0�+ �  4�C
�� +
	� +� �;��� �/���� ���? MN8�9� >�N�+ � �;��� ���? ��0
��  @�
U .B	255 >��/�� ���?  � �1c+� ���? ��
� 4\��

 ?+ +� �;��� f`8 �� O	�0� 
3��40  ��50 >	N� <;��� ?+ 
3�� �� ��./ ��
� 4?�8 .
C�  
  

�*� :5- 9
�.�J � �@E�� ��
� �N��  *;�� �R �*�50 ����� 

TAD TPD PC 

22/497  550 %6/40  

88/514 570  %42  

44/532 590 %4/43 

06/550 610 %9/44  

76/569 630 %5/46 

59/586 650 %8/47  

54/606 670 %5/49  

13/626 690  %1/51  



 ����� �� ����� ����� ����� � ��
� �� !"# $%&')*# "(���&�  / �2�x� ��k2� � ���
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�*� ���� 9@'-R ��+ MD' =�I'�C
  

 MN8�9�KFAPIi
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