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All engineering measurements carry inherent uncertainty, whether 
acknowledged or not. If we add a type of risk metric as well as uncertainty 
quantification in the procedure of establishing the seismic design load 
applied to the structures, we will have a risk-informed approach for the 
resulting design load referred to as the risk-based seismic design hazard. 
For example, ASCE/SEI 43-05 standard uses a risk-based approach to 
prepare the seismic design spectra to be applied to the nuclear power 
plants (NPPs). This approach necessitates the propagation of uncertainty 
in ground motion model (i.e., the hazard curve), as well as probabilistic 
distribution of structural capacity levels (i.e., the fragility curve). The 
present research begins with the specifics of this approach, in particular 
the whole shape of the earthquake hazard curve and its integration with 
the structural fragility curve for estimating the seismic design load. The 
aim is to identify for a probabilistic model that can estimate the 
uncertainty of seismic design loads for a variety of engineering structures. 
This paper presents the estimated uncertainties of seismic design loads 
across the Iran map using the developed probabilistic model. The 
uncertainty, according to the study's assumptions, is at least 45% in terms 
of the coefficient of variation, indicating a significant value. The estimated 
variability in seismic design loads in the Iran region ranges from 45% to 
90%. 
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Introduction 

All engineering measurements carry 
inherent uncertainty, whether acknowledged or 
not. If we add a type of risk metric as well as 
uncertainty quantification in the procedure of 
establishing the seismic design load applied to 
the structures, we will have a risk-targeted 
approach for the resulting design load referred 
to as the risk-targeted seismic design hazard. 
For example, ASCE/SEI 43-05 standard uses a 
risk-targeted approach to prepare the seismic 
design spectra to be applied to the nuclear 
power plants. When the risk-targeted approach 
was also used in ASCE 7- 10, seismic load 
intensity changes ranged from a 30% 
reduction in some areas to a 15% rise in 
others. It is clear that such an amount of 
change, when implemented across the whole 
region, will have a significant impact on the 
economics of the construction industry and 
each structure. 

Problem Statement 

This approach necessitates the 
propagation of uncertainty in ground motion 
model (i.e., the hazard curve), as well as 
probabilistic distribution of structural capacity 
levels (i.e., the fragility curve). The present 
research begins with the specifics of this 
approach, in particular the whole shape of the 
earthquake hazard curve and its integration 
with the structural fragility curve for 
estimating the seismic design load. The aim is 
to identify for a probabilistic model that can 
estimate the uncertainty of seismic design 
loads for a variety of engineering structures.  

In developing a risk-targeted seismic 
hazard map, the risk of collapse at a 
construction site must equal the target risk. 
This study considers the target risk to be equal 
to a 1% probability of collapse in 50 years. 

Results 

A region with many construction sites is 
being studied. To ensure that each structure 
meets a specific collapse risk, the design Peak 
Ground Acceleration (PGA) is calculated for 
every building site. This calculated PGA, used 
to assess the risk target, is known as the risk-
targeted design hazard, represented as PGAR. 

The outcome of the study will be a uniform 
risk map, rather than a uniform hazard map 
(which displays identical return periods). 
Therefore, the design return period will vary 
for each building site. The calculation of 
PGAR at each construction site involves a trial-
and-error approach because it is initially 
unclear which fragility curve will yield a risk 
integral equal to the target risk value of 1% 
(denoted as λtg). 

Conclusion 

This paper presents the estimated 
uncertainties of seismic design loads across 
the Iran map using the developed probabilistic 
model. The uncertainty, according to the 
study's assumptions, is at least 45% in terms of 
the coefficient of variation, indicating a 
significant value. The estimated variability in 
seismic design loads in the Iran region ranges 
from 45% to 90% (Fig. 1). 

 
Fig. 1. Uncertainty map for risk-targeted seismic design 

hazard in Iran 

The variations in design return periods 
are significant, ranging from 350 years to 900 
years throughout Iran. The average design 
return is 490 years, indicating a 5% increase 
from the 475-year return period in the 2800 
standard. Particularly at the seismic zone of 
very high hazard, it is necessary to consider 
larger return periods, potentially up to a 100% 
increase. The uncertainty in the mapped design 
hazard is finally presented. Figure 1, indicates 
that the uncertainty in the seismic design load 
in Iran, based on the available data, is at least 
45%, which is substantial. It indicates the 
possibility for a change in the employed 
design PGA, ranging from 45% to 90%. This 
degree of uncertainty greatly influences the 



 

 

outcomes of design and construction. 
Consequently, in light of the present condition 
of Standard 2800 or other national rules, the 
engineering community, stakeholders, and 
pertinent officials must acknowledge this 
issue. 
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1- Uniform Hazard Map 
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2- Risk-targeted Seismic Design Hazard 
3- Risk-targeted Approach 
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4- Uniform Hazard Map  
5- Uniform Risk Map 
6-  Incremental Dynamic Analysis (IDA) 
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7-  Uniform Hazard Spectra (UHS) 
8- Intensity Measure (IM) 

  ��� �/ �-��$� �) !��� ]'�% �) 
' ;< !�N��

!� :���Q  

)1(  
0( ) k

H PGA k PGAλ −= ×  

  �Q  &J  '�0k    #k�  B)�q  r�[  #�  ����<��  �)  ���)
#  �

  |\�� v;� >� /
 B�EF
� p	 .����*PGA  �) .�	 �

  ��1	Hλ  !�  ��
�  &��	)  �-��$�  .���1  �(u�
#  '��    >�

  '�  !;<  r�32  >���-  =�G�-    !-��	  /
PGA    #

p	w��# =�* &J  .B�
>��' � �#' '�  >� l3� �	 ���A�

  bs�  �Q  B�F/�)  �'#�  >�  S��$�  ��)  p	475    �-��

>�  � 0)  �(���)  p	  /
  �/�)  �-.-/  w��#  =�* �)  ���F  '�Q

!�  .���  �Q  B�	
�  ���) 
�/  �B�
  x'.)  B�.�  >� (�


&J (1[� !� 
' �-.-/ w��# B�$;� C�D &
�2 .�	�Q ���  

  U\))3-4( .    �B�EF
�  p	  a��
) �/�)  )3-10×1  #     
4-10×2)  (  =
tgλ  B�F/�)  �'#�  a��
)  #  )9PR  )
)  (

)75    #5000  (]Hλ  r�?)  1
 ���

    #RP  ��� r�?)[    '�

  ���F  T	!�����/�)  (�
  .�  �/��  r0k
  
'  !���"�  =�*

  #  ��
�  U��,��V  =�qj2  '�  !	����,�	 ;<  �'#J)

L@  �'
�  .!D�[�� (��V B�
 (�#' ��A-
�   B1?/ >�

  !2�A��N�  
'  '�  �NA� �-.-/  (��$2  !� &#.�
  L@��Q K  

#  ;<  P�0N2  C��	
  !�$�   ��-�2    =�G�  '�  ;<  !�N��

�-�-  �-  ��  >�  '  �/�)  B�F/�)  �'#�70    �25000  �-��  .

Q (�
  �Q B�
 !03��� w�[�� ��< �'�  P�i  ;< P�0N2

 �-.-/C��	
 !� (�
 '� .���  ;< ��� �Z�3N210EMME 

!I#< # ��� ��-�2/�)/��	�'�� =�*   � �#' �) ��o\�

 >��'��A�  ���  �
\��
.�	
  .I  L��  ]��  (�
  '�  ���

]20[  !I#< O/
�,  /
  �	�1	 >� .B�
 ���J  �* (�
  '�

  .�	  Z�3N2  '�  P �3    .B�
  ���J  P �3  �  !��#'  �)

�-.-/  w��#  p	  '�  B�$;�  C�D  w�[��  B�1*
    &��	  
'

!�  .�*�  bs�  �-.-/  ]��2475  �/�)  '�  �-��  )g98/0   #

g41/0(  l����  '
�3�  �)  g66/0    ]
��f2  r�[  #13 

 
9-  Return Period (RP) 
10-  Earthquake Model of Middle East (EMME) 
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11- Quantile 
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12- Intensity Measure Type (IMT) 
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13- Index 
14- Convolution integral 
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15- Risk-targeted fragility curve 



8   �/- L@ ;< ��3	 '� B�$;� C�D !�') !�N�� a��
) =
!F��� � # ;< =�*  
 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

O.�'#�  ��� (��$2 U�, /
  �	�� !  ) ���    ���	JPGA  

L@ ;< 
' =�'#J) '�>�-   ��A� ��1	 �) # ��HF RPGA  

!� &��	��*� .    �;< (�
  �T	  B�F/�)  �'#�  ���  B��

P%�? !�$�  .��  �*
�< ]#�H�� ����<�� * '�    '�  '�Q

��",  PQ�*  ��3	  >�  �  ��3	  �	  #  ��)  �*
�<  >��'

�*;<  (&�� �  B�F/�)  �'#�  �)  ;<  ��3	).    ���J�

  �A��N�RPGA    �����<��  *  '�  P �  �)�;<  #  !$�  

!� C��	
 ��E,�  
�/    /�kJ /
 (�#'  ��	  C
�Q =
/
 �) �Q B

>��'  �
��	
  P%�?  �!F��� �  !�N���)  �    /
  '
�3�

(��$2 U�,���  � >� =�%'  &�1*)  tgλ(  �  )
)!�  .��F

  �<V �2  B�
  ��� U��Q=�;< # !$�  >��'  ��A�  �)

  !2'�V�0�  >1Q  '�  P �5  ��J'�  U��1	  �).   w�[��

  �A��N� =�;< # !$� �<V '� ��	�1���)RPGA ��N	 �

 B�I  O#' �=�$) U\) '� �Q B�
 �0��� _��, =�I#

!� !�$� !���	 =��D P? .���  

  
P �  5-    �<V�;< # !$�  >��' O#' '� ��A�  

5-2 - �
�I+�� .3� J0
�#*��  G;
� .3� �& �5��  

.�'#�  >��'O  fλ  *  =
/
  �)  θ  �  !	�� �A��N�

B�
K   !�$�  !�'
�  (�
  /
  ��Q  R�$2  u)�2  >�  &
�2 : 

λ(θ)=fλ  .��)  
B�    �Q n�* >��' �)  tgλ  ������ !)��  .

[�?  U*#+,�  tgλ    
'4-10×2  B�
  ���F    ���  ZA@)

�* �!	��
�,  �)  ���  ��1�?
(���  ����,  '�  �%'� >�.  

�) �<V /�kJ =
)    #�='�@ �) B�
 /��	 �'
�3�    �Q  ! �

�)  λ  x'.)/
  2  tgλ  �)  =���  #  λ   >V�Q/
  2  tgλ  

  .������)!�  &
�2 
'  !-#
  bot,0θ  
'  !�#�  #  ,0potθ  ��	� �.  

 ��? '
 2 '�k C�
)k=1,2,..( ���I '
�3� � θ   �/ =)
) �)

A��N�!� �:���  

)12(  
, 1 , 1

, 1 , 1

, 1 , 1

( ( ) )

( ) ( )

k top k top k tg

top k bot k

top k bot k

θ θ λ θ λ
θ θ

λ θ λ θ

− −

− −

− −

= − − ×

−
−

 



 
'EF l< r�� �Q B�
 !0N� u�
# '� '
�3� (� /

, 1 , 1( , ( ))bot k bot kθ λ θ− −    #, 1 , 1( , ( ))top k top kθ λ θ− −  �)  �

  !3�
  l<4( 2 10 )tgλ λ −= = ×  !�  �'�<).��Q   F


)kθ(λ �&�y1* )1-bot,kθ(λ 
 /tgλ x'.) 2&J ���� '
� ��F

!���F :  

,bot k kµ µ=  , , , 1top k top kµ µ −=  

  F
  ��
)kθ(λ�    ��	��)1-top,kθ(λ  /
  tgλ   >V�Q  2

���)&J � '
� ��F!���F :  

,top k kµ µ= , , , 1bot k bot kµ µ −=  

 

 
P �  1-  ���'��-
  !���)�	   v�%�	 �-��$� ���' P? '�  

�;3	 BHI �) =�$) '
 2  ����I =�* ���F ]'�% 

C��	
�  �2  �kθ  �)�/
�	
=
  �)�Q  ��J  B��   
'  �;< ���1Q

���)  ���
� �   :'
�  (�
  /
  ( )k tgλ θ λ ε− <.  � BD

 !���)�	 O#' !�
�1*16   O#' /
 Ro	 # ���� '
 2 =�*

(2��	 O#' !�
�1* BD� /
 ��
 ���) �&�Q-   &���
'

.B�
 �1Q  �<V '�  �$) !��# �'
 2 =�*'
 2 #�  >� �

!�  B)�q  �;3	  ��	��  ��
�  &��	  �)�2  O#'  ��  !�\)#�

 
16-  Regula falsi 



(�'/!	
HD/ # ��A�
    9  

 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

&�Q Ro	17  ��� ��1D
 �*M`� .    B�
 �")  �/�) &���

  O#' /
 P%�?&�Q Ro	 O#' # !���)�	>V�Q �/�) � 2

  
').��.F  (��/  &��/��  �[�?  ��?  '�  � ��J  !����

)USGS(  d# >�  Z�@ /
��
18  �  !���)�	  O#'  ���'��-


  �0���  P?  =
)  
' >��'�)  ��A�  #  ���F  '�Q �A��N�

 >��'  L@  ;<  
'  ��A�  B"I  &���
'  '�@  �)  ��  ���Q

�&���/J  B�
  ��
�  '
�  '���<
  '�  .B��#�N� ��
  '�  !��*

���3� R�$2 &� �
 C�D �01I /
 �B�
 '
�) &J β  # tgλ.  

  �(�
)��)  ]�A��N�  '�  �)  Z0$��  ���	)  �Z�3N2  (�


03���!  '�MATLAB �"2 ���H��
 # ����F .  

3- �6��+ 3 KA+  

=�*'�Q �U\) (�
 '�    ��� C��	
  '� �) Z�3N2  '�@

�%b<�    &J /
 ���F) t���	 # '#���H2  !�  .���  ��1[

!�  �U\)  (�
  ���Q���  C��	
  Z�3N2  =�*�)'�Q  �) � 

��Q �'��
K    �<J '� # 
' ���I Z�3N2 P)�� # �"A� ]� 	

  L;���<��   !��*��"���,  #   )  �^
'
  !2J  ]�3�3N2  =


 .�*� 

3 -1-   �?@ '�;�2475  �?@ �+ ���6475  ���6  

m� /
  ! ��*  =  ����/J�	  !-# t�
'  &����"� (�)

  �-.-//
  B�
  ]'�AD    BA�	  >�  ��I#5/1    &���  =)
)

  B�F/�) �'#� �) ;<2475    B�F/�) �'#� �) ;< �) �-��

475  �-��  �) .  t���	 O/
�,  ;< ���EMME�  !� &
�2

 .����� 
' m� (�
 !��
'    ���o3� (�
 =
) ;< �/
�	


�  '��
\��
  �;3	  *  '�  ���  ���  L�;    BA�	  #

 �-�� 2475  B�F/�) �'#�  �)  ;<

 �-�� 475  B�F/�) �'#�  �)  ;<
    =
)PGA   &
�
  ��3	  =#'

!� B���	.��F  P �  2  !� &��	  '�@ �) BA�	 (�
 �*�

  )
)  '��Q  v;�  '�  l����1/2    �)  !2
��f2  r�[  �)

  �/
�	
13%  .B�
  ����	 '��    ��%�2 &�F�����	
  �	'
� ��Q

 
17- Bisection Method 
18- https://earthquake.usgs.gov/designmaps/rtgm/? 

 w�I' �� ;< P�0N2 C��	
  &#�)  �&����"� # &�33N� �2

���  �)  =�*�  A�$��*  ���I��  ��D  ��F5/1    #�  (�)  
'

�	��	 m#H� ������� ;< v;� . 

  
P �  2-   ;< BA�	2475    �) �-��475   &
�
 '� �-��  

 >��'  O#'  �)!�  ���A�  ���  �
��  >�  _��,  &
�2

  .�
� .�	 
'�) # ����<�� * '�  �-.-/ =
/
475    �&J �-��  �)

  B^
��T	  !F��� �  ��1�?
 �  !�  &
�2 ��1�?
  u�/�2

  O.�'#�����<��  �)  BA�	'��Q  /�  &#'�  =�*  
'    �)

  �'
�	���
  '�  !0$�  L@  ;<  =
/
2800    !�$�)475  

(�-��  ��)  .�'#J  B��  Z)�;�  P �3 �    (��V  C
F����*

  ��*���  P)��  !$�/�2  .B�
!�')  (�
  �) �    |\��

!�  ��F  ;< =
/
  �)  O.�'#�  ��1�?
  �&
�
  '��Q '�

2475    �#�?  '�  �-��10  �%'�  ;<  =
/
  �)  #  �475 

  �#�? '� �-���%'� >�  .B�
  

 
  P �3-  O.�'#� ��1�?
 u�/�2   �)=
/
    �-.-/475  �-��  

3 -2 -  J4 �/�� '�;�J4 �/�� �+ �?@ G;
�  

  O#'  /
  ���H��
  ����  ]�[#H�  #  !	�A�  �Q  ��?

 >��'!� ��� (�#' ��A� '��Q v;� '� &J C��	
 �) &
�2



10   �/- L@ ;< ��3	 '� B�$;� C�D !�') !�N�� a��
) =
!F��� � # ;< =�*  
 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

  ]��  � 	J  /
  M,  .B<
�,  P%�?  ��3	  ��-�2  #PGA 

  >��' )  !��A�  ��@ '� O.�'#� �%'� >�50   ����

�)!�  w�I'  ;<  !�N��  �)  
����  K��J  B�� �)  .���

  * =
/
PGA  �)  �&J ���$� �� B�EF
� p	 ����J B��

;<  !�N��  =#'  /
  B�F/�)  �'#��    �����<��  *  '�

!� ��	
�< P%�? t���	 .����    '� &
�
 ��3	 =#'  P �4  

.B�
 ��� ���'��	  &�1*!� ���� �Q �	�F  � �#' '� ����

 >��' �) ��o\� B�F/�) �'#� �) ���) ����<�� * ���A�

  P)�� �L@ B�F/�) �'#� ]
��f2 �/�) .��F !?
@ ���<

  /
  #  B�
  �I�2350    �2  ���900  '� ���    ���F &
�


!� ��f2  )
) L@ B�F/�) �'#� (��	��� .��Q490   ���

  U�
.�
  �Q  B�
  ���  ��*����%'�  t�,   '�@  �)  
'

  �'
�	���
 '� !0$� B�F/�) �'#� �) BA�	 l����2800  

!�  &��	.�*�    P �4!�  &��	  ��)  �*� �I'�  '�  �+�#

  �'#�  (��F  T	  '�  �)  /��	  ����/  '���)  !A�	  ;<

B�F/�)x'.)  =�*  �=2  �?  �  �2100%  U�
.�
  ��I#  �

.�'
� 

 
  P �4-   >��' ) !��A� L@ B�F/�) �'#� ��3	  

3-3 -   J4 �/�� '�;�  �+ G;
��M�&�5+)  �;� �?@ �  

��N��  &�����06� �&2800  

  �'
�	���
2800�    �)  
'  '��Q'�"V    U\)  ��?�	

  .I  �)  #  ��Q'�"V  L@  d���  =
)  '
�3�  )PGA(  �

  =��� �'#J)  
'!1	 �^
'
  (�
 =
) P�-� >� �VF
 .�*�

  ]���< # ���H��
 B"I �) &J !�J'�Q # !F��� �w�[��

  �)  =� �#'  (��V  ��
  �B�
  &����"� /
  !0Q  '�@

  �'
�	���
ASCE 7    ��	J '� � 0) .B�
 ��� ���
EF '��Q

����<��  *  =
/
  �)�  L@  d��� /
  =�'#J)  '
�3�  >� �

�!H�@ d��� w
�	
 '� �* &J  !� �^
'
  �]'�% * �) .��F

 (�#'  !D�[��  (��V  B�1*
  �2  ���)  &J  �o�  �y	��V

 �*
�  Z�3N2  /
  U\)  (�
  '�  r����  B%�  >�  ����

�  ��B�
 K  �/-  L@ ;< 
�/  =
>��'  P � �))  (��A�

  =
)15642    �A��N� '��Q ��", '� ����<�����    '� #

  '���<
B�
!�  &��Q
  .  =�'#J)  =�*;<  &���  &
�2

  #  �>��'  a��
)'�"V   '�  L@  =��A�  d���  '
�3�

  �'
�	���
2800  .�
�  C��	
  
'  ������  ����3�  >�  �  (�


  O#�  )  ����3�  P �10  ���  ���
EF   *  '�  .B�


  ��o\�  '
�3�  �����<��PGA   >��'  d���  �)  ��A�

  �'
�	���
 '� L@ =��A�2800    U\) �����<�� &�1* '�

  '�  BA�	  (�
  .B�
  ���  (���32)  P �10   &
��D  �)

B�
  ���J  >��'  r�[(��y1*  .�    ��")  ����3�  =
)

 ��", ��3	  �'
�	���
 =��)2800  M, '�@ �) .�	 '� ����/

P � �J .B�
 ��  

 
P �  10-  ;< BA�	  L@   >��'L@ =��A� d��� �) ��A�  

  �'
�	���
2800  

  P �10  !� &��	 !)�< �) L@ '�)  ]
��f2 �*�

�/-  ����F =
 ���� ]'�AD �)  .B�
  ��", �)  =��)  '�"V  

�'#J)  ��Q &��y	J    �'
�	���
2800  !� C��	
  S�1�?
 ��*�

  ��  B��  !�?  C/S !��'��'
�	  
'  .  '�  P �10  �  r�[

�/�) '� ���� !�$� >��'  )4/2    #75/0(   '��Q ��", '�

!�  ��f2 .��Q !�  ��*���  (��y1*���  �  ����  #�

����<��  ��o\�  ��'�< '���* .�	�	
K    ��o3� (�
 �)  �Q



(�'/!	
HD/ # ��A�
    11  

 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

����<��=�*  a��?�)  �2����<��  =��$�  �Q  !��*

  �-.-/ '�) '� ��f2 (����)  L@  =��A� d��� �) BA�	 
'

)  L@  �'
�	���
2800 &J  '�  ( �*  !�  '�T�	
 ���I)  ��#'

  (&���1	)  .�/��)�   ����  ]'�AD  ����<�� ;<  �Q  !��*

  �?  �2  �"	J  L@15   �%'�  U*�Q    �'
�  #  ��  >�  /


����<��&J  '�  L@ ;<  �Q  !��* .�	  )
)  #�  �?  �2  �*

��� =�� /
  ��'
�  U�
.�
  ��1�?
K  '�    P �10   '���*

  ��<  �)  ��o\�  
'��'�<  '���*  �!A-�I  '�@  �)  .�	


����<��  Z)�;2  ������  U�
.�
  >��'  r�[  �)  =�*

��
)  ���/  !0�<  ;<  �)  ��",  �)  !���N�  �'
�	�2800  (

  !D�	  �	��	  ��<  �!3)�;2  (��V  .B�
  ��Q  
��,

 !��
' t���	 !���/J  B�
 [�? Z�3N2�  !� &��	 
�/  �*�

��", �* # [�? Z�3N2 t���	 �*  �'
�	���
 =��)2800 � 

����<��  /
  ����  >� �'#J)  =
'
�  
'  &�� �  �A�32  =�*

!� L@ ;< /
 =����  ���) ���? (�
 �) .��	
�  �Q B��

!�  &��	  �[�?  Z�3N2  t���	����<��  �1*  �*�  =�*

  !	�� �  >��'  ����/  !0�<  ;< �)  ��",  '�  ��I��  
'  �)

  ��� ��	'
�	0)  .����<��  '�  ���)  �  &#'�  ��I��  =�* 

 �) L@ ;< # ���F ]'�% r���� >� H2 �.�	 ��", (�


 �3A@!^.I  =��)&J  �)  2  �)  bs�  .��F  |�o\2  �*

��3������) =�*�  &���
 # �*"� ��3	 >1Q �)  �Q) �* /


  �^
'
  Z�3N2  (�
  '�  &J  P �=
)    �)  
/
'�  (��	  (��

��� .�*, ��-�3�!� (  ��	�� !��*"� �Q �� �I��� &
�2

.�A2  ��  x'.)  L@  ;<  �)  ���)  �d� 2  �)  BA�	  =2

 .�	�F !?
@ ���I�� L@ =��A� d���  

3 -4 - ?� Q��F ���� <�� �?@ �/�� �& '� )�  

 ;<  '�  B�$;�  C�D  !�$�  �)  �!	���,  U\)  '�

!� ��<
�, =�'#J) L@.���    ���) B�\	  �
��	
 �'�)#�

  >��'  ='#J���  
'�Q  .��-
��	
  F
�    �	�F
�I  ��<

  ��� ]'�AD  �))  ��F �A��N��*
# !�
.�
19   >��' p	 ( 

 
19- Disaggregation 

!�U�)  ]�Db@
  &
�2  =2  
'>��'  /
   n�*    *  '�

 ����<��  �)  .�'#J  B��  !�$�  ���F  T	  '�  �/  ]'�AD

!� :���  

)13(  1 1
. . ( ). ( )

( )
tg

R R H
tg tg

d
PDF f im im

d im

λ
λ

λ λ
= =  

 �Q
 dG0%�? �) B�
 )
)��-
��	  '�&# �' �
��	
>��  

&#'
#  '����    .n�*  >��'  p	 !�$�  ��-
��	
  '
�3� �  

'���")  (���	)  !���F  . �)  =/��'���") ��<��  @�<

 2  >�  &����1�?
  !-��V  u)�  u)�2)  20PDF(    C��	


!���F  .  P �11  u)
�2  �PDF    ���  ��<�� a��
)

  S�)  ����  
'  =
)����<�� /
 ='�1�  �'��Q v;� '� �*

 &��	!��*� .  

 
 �  P11-  �/- L@ '�) ��1�?
 !-��V  '� =
368    '� ����<��

 '��Q v;�  

 �-��	/  '
��1	  >�  '�;	�1*  ����	  u�/�2  /
  =


  �	��	B�$;� C�D  ����,=
  
!� ��� 
' &J �Q B�  ���Q

  u�/�2  �	��	  .�	  !��*'
��1	  (��V  L@  '�) �/-  =
) '�

(�
  �IPGA  (L@    .����*  >�PDF    ���)
�<  #  (",

!�  &��	  �n�*  >��'  �Q  �*�B�$;�  C�D  x'.)  =2

  .B�
  ����F  ;<  =�G�  PQ  '�  #  �'
�  ��
  (�
  �V*

PDF���J)  #  kS  �*'  p	  &��)  ���V  ����)  2 >�� 

 n�*    &��	 
'  =2S�) &���1@
 v;� # ��
�  
'  >��' /


 n�*�  !� (�1G2 ��Q.  u�/�2 (�
  !-# ������	 ���	 �*  �)

 
20-  Probability Density Function (PDF) 

0 1 2 3 4 5

PGA (g)

0

0.5

1

1.5

2



12   �/- L@ ;< ��3	 '� B�$;� C�D !�') !�N�� a��
) =
!F��� � # ;< =�*  
 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

Q�A��N�  >1    !2S�1�?
  =�*��-!�  &���T	  �)  &
�2

 ���	
� ������ !��*  B��� B�� K    �) B�$;� C�D �01I /


  .!1Q  P � =��
'�,�	  u�/�2  >�  �)  �Q  !	��/  (�
)��)

 !�  �"I
��  ����  !2S�1�?
  =�*��-  �A��N�  ���)  
'  �)

 &J  ![��'  ��3���  R�$2 �*  �  C��	
�
� ��N	  ���
�
  '�  .

Q!1=/�� B�$;� C�D !� (�#'.���  

  (�
 �T	 C#� # �#
 =�*��-PDF R�$2 ZA@ ��*

�3���'
� (�
 /
 =��D P � �) # � !�����) :  

)14(  [ ] . .dR R R RE PGA pga PDF pgaµ = =   

)15(  

( )

2

2

[ ]

. .d

R

R R R

VAR PGA

pga PDF pga

σ

µ

= =

−
 

  &J  '� �Qµ    #σ    '�)  '��$� n
N	
  #  (��	���  �r�22  �)

 �/-  L@  =
RPGA  !�����).  !�  ��Qj2  ����
  '�  ��F

���	  P%�?  '��$�  n
N	
  #  (��	���  ���3�  l3�  B�
  �

  �-��$�)  !2S�1�?
  P��Q  u�/�2  � 0)13  >*� *  #  (  '�)

!� 
' L@!� ��? .�Q �A��N� &
�2  '��$� n
N	
  &
�2

  '�  .B�F  T	  '�  B�$;�  C�D  /
  ���1	  >�  &
��D  �)  
'

  /
 >�*15643    �) ~�)� ]�A��N� �'��Q '� ����<��

�-��$�=�*  )14  (#  )15  (!�  C��	
 n
N	
  M`�  .���

'��$�   ��3	)  L@ B�F/�)  �'#� )
)  '�  ����<�� * '� 

  '�  ���J  P �4  '
��1	  '�  (  P �5  !�  ���2  .��F

&�1*  '�  L@  '�)  '��$�  n
N	
  �B�
  (�#'  �Q  �	�F

�/�)  '�  '��Q  )96/0    #07/0  (g  �*  .B�
  �f��  (��V

  '� ��*��� P)�� =��$% �	#'  P �5  !� &��	  �Q �*�

x'.)  L@  B�F/�)  �'#�  �V*  �'�T�	
  Z)�;�  ����)  2

S�1�?
 x'.) .�	 L@ �-.-/ '��$� n
N	
.��) �*
�< 2  

  

  P �5-   �-.-/ B�$;� C�D   &J B�F/�) �'#� )
) '� L@  

  ��? '�  L@  �-.-/  '��$�  n
N	
  ]
��f2  F


����<�� �/-  Z@���  �)  BA�	  �'��Q  =�* �	�F'�"V  .�<

  ����  ���F  T	  '�  P �6  !�  P%�?  .��F  P �6  

!�  &��	  �)  �3;��  '�  L@  �-.-/  '�  B�$;�  C�D  �*�

�/-  �)  �3;��  '�  #  ���)  �1*  /
  ����/  '���)  =.�<

�/- >V�Q �1* /
 �Q =.�<  ]�$-�;� '� (�
)��) .B�
 2

�/-  Z@���  �)  BA�	  �'��Q  '�  ;<  P�0N2  #  ���/  .�<

��F  =���)  �I�2  ���)  ����/  '���)  !I#<  B��  �2  �*

  2S�)�)��J B��.    * '� '��$� n
N	
 �!0Q '�@ �) ��A-


��V # �I�2 P)�� ��3;�� '�"V.B�
 !	����,�	 

 
  P �6-   �-.-/ B�$;� C�D   �/- �	�F'�"V Z@��� '� L@  .�<

  �'
�	���
) '��Q2800 ( 

 �)  '��$�  n
N	
  BA�	  P �  �)  �]
��f2  r�[

  �(��	���!�  .�	�	
�2    �$)  &#�)  B�1Q  >�  &
��D  �)  �)

'�T��    �B�$;� C�D B<���  ���F T	 '��  '� ��A-
 .��

PoH�  ]�$-�;�  �B��	  [�?  Z�3N2  �#�?  '�  �Q  =2

!� �'�)'� &
�2  # ]��^.I  '� ��� L;� ��1�?
 u�/�2 w�	

)  =)
)13  �
�<  �2  �
�  C��	
  =���)  ]�3�3N2  �(

U�) �L@ '�) u�/�2 !2S�1�?
  2��F ��<���.   uI� '�

]23[  ��-)  ]#�H��  ��1�?
  u�/�2  w�	  #�  �qj2  #  !-��	

  l����  '
�3�  .�	  #  !F��� �  ���  )  (!-�A�#RPGA  

  u�/�2 ��< �'�� '� ]�3�3N2 /��* ��
 �B�
 ��� !�')

RPGA   �/- L@ '�) B�$;� C�D &�1*)  ���	 C��	
 (=


B�
.  * �)���� �) �T	 �]
��f2 r�[ �V* ��?  =�*

)14) # (15 >V�Q �(  ����) 2!� P�
�?  �Q B���'� &
�2

  u�/�2PDF  �/-  L@  '�)�P%�?  =
    B�$;�  C�D  .�	



(�'/!	
HD/ # ��A�
    13  

 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

 >V�Q!�  &��	  
'  =2 �]
��f2  r�[  /
  (�
)��)  .�*�

!�  &
�2 D �)  &
��  >�  !�1�
 ����?  !0Q=
)    !?
@ '�)

���� d�\�	
  �) �") .  

!�  �!	���,  C�F  '�  C�D)  ]
��f2  r�[  &
�2

  ����<��  *  =
)  
'  �N	  (�
  �)  ���  �A��N�  (B�$;�

  .�
� &��	 ��3	 =#'  P �14  �  C�D ��3	 �[�? �-�3� /


 &��	  &
�
  '��Q  =
)  
'  L@  �-.-/  '�)  '�  B�$;�

!�.�*�  !� ��*����/- L@ '�) '� B�$;� C�D ��� =


  )
) P�
�? ���I�� ]�Db@
 �) �&
�
 '��Q '�45   �%'� 

�) ���J  B��    �Q  �/
�	
  >�I�2  P)��B�
  !F'.)  #  �  .

  (��V=���3�  !�$�    /
45    �290   �%'�    '� ��f2 &� �


�) !?
@ '� �Q !?@ =��A� d���!� ���F '�Q���  �

  �B�$;�  C�D  /
  v;�  (�
  �Q  B�
  (�#'  .�'
�  ��I#

�� ]�� �) 
' B<�� # !?
@ t���	 j!� q  .��Q(�
)��)  

  �'
�	���
  [�?  B�$[#  '�2800  (��J  ���  #���	  =�*

�$��I �&�?
@ �!0�  =i~�)� &S���� # &�$H	   /
  ���)

 .����) ��FJ w�[�� (�
  

 
P �  14-   �/- L@ '�) B�$;� C�D ��3	 '��Q '� =
 

4 - �I�0�)��B 

'�>�  '#��O.    '�����<��R0�\�  =�*    #
)=  

�/���*=    �R0�\�  L@ R�@ �) ��% �Q�*) ;<UHS(  

 ����) ��� !?
@  ��  !   .��) �*
�\	    �!;�
� (��V '�

>� '�  ���� !��I '� # ���	 (��j2 �T	 �'�� !�1�
 ��I

!)  ��o��
 �H�0�  M,  .B�
  ��� P�1N2  ��#,  �)  !AA�

  �'
�	���
 '� ='�I2800   B�F/�) �'#� >� (��$2)475 

>�  P%
  /
  '#�  (L@  �-.-/  &
��D  �)  �-��  #  !�<
�	

B-
�D� .B�
 !0Q # Z�1D ���	 >� '�  

@  O#'  /
  ���H��
� R  ?
@!    (��
�  a��
)

'�>�    n�*��&��     
' '�).� |3	!�  �	
�2  n@) .�/��  

J��(���	  ASCE 7  
  �$��2  #  �^
'
  '��(  �I  O#'���  

 ,�#�  B�
    
'  &J  #21RTGM  !����	  .  '�ASCE 7�  

'�>�  �>  �%'�=  ) 
'
=    >��''#��O.    '�50    ���

� T	 '�!F� �	 .  

  ]��[�  &�1*  �B�\	  �Z�3N2  (�
  '�ASCE 7 

!� ���F T	 '��* .���(��V    /
PGA   BQ? d���)

  ���  ��)  �")  �]�A��N�  =
)  (��)  ���  '�  (��/

.B�
   >��' L@ ;< ��3	 �]�[#H� (�
  �) =
) ��A�

&
�
  '��Q�    B�F/�)  �'#�  !	� �  u�/�2  �^
'
  P �  �)

  .B�
  ���  ��-�2  �L@
'
  �)  ���3	  (�
  �^  �'#�  (��	���

  )
)  L@  B�F/�)490    �Q  B�
  ���  ��*���  ���

  U�
.�
5 B�F/�)  �'#�  �)  BA�	  l����  '�@  �)  
'  %

  �'
�	���
 '� !0$�2800  !� &��	 �*�.  �"�2�(  '#J�	=  

  �[�?  U*#+,��3	  >�  &�Q  �1�1[  $;�  C�D�B�  

  �) �
1*  �^
'
 ��3	 (��V
=    .B�
  (�
 =
) '� *
' �'�T��

!%�o\��  �$� !  �����  �$��2  #    �&J  >1Q  �)  #  C�D

$;��B  
  ��",  '��&
  /�2 # ��� �A��N��u  	� �!    �)  &J

��3� B���	 >1Q�  #'=  
 ��3	��&
  �1	�U    .B�
 �����

  ]��  l����60  ]
��f2 r�[ =�%'��    C�D /
  &��	

B�F/�) �'#� '� S�) B�$;�(=�*)  '� (�
)��) .B�
 L@  

 ��*'� *
'  ���)  !2J  ]�3�3N2 !    C�D  (���Q  !�	��V

�/- =�*'�) (��$2 '� B�$;�.�Q Z�3N2 
' =
  

 
21- Risk-targeted Ground Motion (RTGM) 



14   �/- L@ ;< ��3	 '� B�$;� C�D !�') !�N�� a��
) =
!F��� � # ;< =�*  
 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

References 

[1] Berberian M, Yeats RS. Tehran: An earthquake time bomb 2017. doi: 10.1130/2016.2525(04) 
[2] Zafarani H, Jafarian Y, Eskandarinejad A, Lashgari A, Soghrat MR, Sharafi H, Afraz-e Haji-Saraei M. 

Seismic hazard analysis and local site effect of the 2017 M w 7.3 Sarpol-e Zahab, Iran, earthquake. Natural 
Hazards. 2020 Sep;103(2): 1783-1805. doi: 10.1007/s11069-020-04054-0 

[3] Iervolino I. Risk-targeted seismic design: Prospects, applications, and open issues, for the next generation of 
building codes. Earthquake Engineering & Structural Dynamics. 2023 Oct; 52: 3919-3921. doi: 
10.1002/eqe.3999 

[4] Building and Housing Research Center. Iranian code of practice for seismic resistant design of buildings. 
Standard No. 2800; IS 2800-05. 4th revision. Tehran, Iran: Building and Housing Research Center (BHRC); 
2014. [In Persian] 

[5] ASCE. Minimum design loads and associated criteria for buildings and other structures (ASCE/SEI 7-22). 
Reston, Virginia, USA: American Society of Civil Engineers; 2022. doi: 10.1061/9780784415788 

[6] Luco N, Ellingwood BR, Hamburger RO, Hooper JD, Kimball JK, Kircher CA. Risk-targeted versus current 
seismic design maps for the conterminous United States. SEAOC 2007 convention proceedings, 2007. 

[7] Zarrineghbal A, Zafarani H, Rahimian M. Towards an Iranian national risk-targeted model for seismic haz-
ard mapping. Soil Dynamics and Earthquake Engineering. 2021 Feb 1; 141: 106495. doi: 
10.1016/j.soildyn.2020.106495 

[8] Turchetti F, Tubaldi E, Douglas J, Zanini MA, Dall’Asta A. A risk-targeted approach for the seismic design 
of bridge piers. Bull Earthquake Eng. 2023; 21: 4923-4950. doi: 10.1007/s10518-023-01717-8 

[9] Naderpour H, Hoseini Vaez SR, Malekshahi N. Predicting the Behavior of Concrete Dams Using Artificial 
Neural Networks (Case study of Dez Dam). Civil Infrastructure Researches. 2021; 6: 123-132. doi: 
10.22091/cer.2021.6898.1242 [In Persian] 

[10] ASCE. Seismic analysis of safety-related nuclear structures (ASCE/SEI 4-16). Reston, Virginia: American 
Society of Civil Engineers; 2017. 

[11] ASCE. Minimum design loads for buildings and other structures (ASCE/SEI 7-10). Reston, Virginia, USA: 
American Society of Civil Engineers; 2010. 

[12] Luco N, Bachman RE, Crouse CB, Harris JR, Hooper JD, Kircher CA, Caldwell PJ, Rukstales KS. Updates 
to building-code maps for the 2015 NEHRP recommended seismic provisions. Earthquake Spectra. 2015 
Dec; 31(1_suppl): S245-71. 

[13] ANSI/API. Seismic design procedures and criteria for offshore structures (ANSI/API Recommended prac-
tice 2EQ). Reaffirmed. 1220 L Street, NW, Washington, DC 20005: API Publishing Services; 2021. 

[14] ASCE. Seismic design criteria for structures, systems, and components in nuclear facilities (ASCE/SEI 43-
05). Reston, Virginia, USA: American Society of Civil Engineers; 2005. 

[15] Vamvatsikos D, Bakalis K, Kohrangi M, Pyrza S, Castiglioni CA, Kanyilmaz A, Morelli F, Stratan A, 
D'Aniello M, Calado L, Proença JM. A risk-consistent approach to determine EN1998 behaviour factors for 
lateral load resisting systems. Soil Dynamics and Earthquake Engineering. 2020 Apr 1; 131: 106008. doi: 
10.1016/j.soildyn.2019.106008 

[16] Douglas J, Ulrich T, Negulescu C. Risk-targeted seismic design maps for mainland France. Nat Hazards. 
2013; 65: 1999-2013. doi: 10.1007/s11069-012-0460-6 

[17] Kharazian A, Molina S, Galiana-Merino JJ, Agea-Medina N. Risk-targeted hazard maps for Spain. Bull 
Earthquake Eng. 2021; 19: 5369-5389. doi: 10.1007/s10518-021-01189-8 

[18] Zarrineghbal A. Risk-targeted seismic design hazard. P.h.D Thesis. University of Tehran (UT), 2022. [In 
Persian] 

[19] Iranian Seismic Design Code for Petroleum Facilities (Pub. No. 038-16). 4rd ed. Iran: Ministry of Petrole-
um; 2023. [In Persian] 

[20] Şeşetyan K, Danciu L, Demircioğlu Tümsa MB, Giardini D, Erdik M, Akkar S, Gülen L, Zare M, Adamia 
S, Ansari A, Arakelyan A. The 2014 seismic hazard model of the Middle East: overview and results. Bulle-
tin of Earthquake Engineering. 2018 Aug; 16: 3535-3566. doi: 10.1007/s10518-018-0346-4 

[21] Silva V, Crowley H, Bazzurro P. Exploring risk-targeted hazard maps for Europe. Earthq Spectra. 2015; 
32: 1165-1186. doi: 10.1193/112514EQS198M 

[22] Kennedy RP. Performance-goal based (risk informed) approach for establishing the SSE site specific re-
sponse spectrum for future nuclear power plants. Nucl Eng Des. 2011; 241: 648-656. doi: 
10.1016/j.nucengdes.2010.08.001 

[23] Zarrineghbal A, Zafarani H, Rahimian M, Jalalalhosseini SM, Khanmohammadi M. Risk-Targeted Seismic 
Design Maps with Aleatory and Epistemic Uncertainty in Tehran and Surrounding Areas. Journal of Earth-
quake Engineering. 2024 Oct 25; 28(14): 3925-3953. doi: 10.1080/13632469.2024.2368179 



 

 U*#+, B<���/ =�*!	
1D =�*    ���/���*�  �'�1� �1  )1404( 

 




