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Expression an Effective Method in Generation of 
Random Samples to Calculate the Failure 
Probability of Structures With MC Method 
 
Reliability theory is a part of the general theory of probability that 
earned a special place in engineering science over recent 
decades. This theory has a logical framework. It provides the 
actual safety assessment possibility of a system by analyzing the 
uncertainties using mathematical methods. These uncertainties 
are caused by the statistical nature of engineering problems. 
Reliability is a scale that can measure the probability of failure or 
safety of a system. So far, various methods have been proposed to 
estimate the probability of failure of a phenomenon. MCS is one of 
the most important and most widely used approaches in this field. 
Many steps will be removed by providing a simple and effective 
method. The data generated in this method is based on the 
histogram. SGH, there is no need to curve fitting test. This method 
is very useful in case data on the studied phenomenon be 
available in sufficient number, and continuous histograms could 
be created. The general performance of SGH is passing the 
histogram of uniform data scattered in three-dimensional space 
and select samples in the diagram area. As well as, it provided 
three practical examples. The first one is estimating the failure 
probability of a concrete beam under moment load with four 
random variables. The second example expressed failure 
probability of a steel beam, and the third one is about sliding and 
overturning failure of SHAFAROUD concrete gravity dam. 
Results were compared with the usual method of sample 
generation and indicated the effectiveness and accuracy of the 
responses of the proposed method. 
 
Keywords:   Sample generation; Reliability; Histogram; Monte Carlo; 
Probability of failure.  

M. Nikouei Mahani 

Department of Civil 
Engineering, Research 

Institute for Natural Disasters, 
Shakhes pajouh, Esfahan, Iran.  

e-mail: civilman1390@gmail.com 

A. Mahmoudzade*  

Department of Civil 
Engineering, Research 

Institute for Natural Disasters, 
Shakhes pajouh, Esfahan, Iran.  

Amiramj1@yahoo.com mail:-e 

M. Emamgholi Babadi  

Department of Civil 
Engineering, Research 

Institute for Natural Disasters, 
Shakhes pajouh, Esfahan, Iran.  

e-mail: Civilman2007@gmail.com 

  

   



�����     ���	
���
� ������ ����  ������ ����� ��2 ����� � � !"
�� 1398 )15 -29( 

�����  ���
����	
 ������ ���   ����� ����� ���2 ���� � � !"
�� �1398 

  
  

��������� 
���* 
���+, ��-�.  ��/0����  ���

���
� ���.12� ��3"45. 

 :8"����9:� 	��  
Amiramj1@yahoo.com 


����� ������� 
�����  
 ;�-�.  ��/0�����  ���;+,  �;�� 

45"3�� ���.12� �
���.  
 :8"����9:� 	��  

Civilman2007@gmail.com 

 

 

 

  

1  

1 - �����  

 <
�=� ���, �>�?�@ <? �1
�3@ A
��., 	"B,�C

  D�>@ �-� ��", ���"�5�E�9
� F ��GH�>� �B  <��2

1 

A
� <? 	�� �  A"�I  ����J� ����"�5� 	"B,�C :-��,

 �"� �� ���? D
��� 	+@ ����"� 8
 	"1"?�, K�9B��

	�� A"3  ��� � L-  ���, � �-� A""3@ ]1[ A
� .

M
�3@� �  NO0   ��>� �/��", ���"�5� 	"B,�C -�?

 <? 	�� ����J� �K <? <P�F �, ����"� K�9B�� A",

                                                
 * >�
�-�� �>R�  

S
��@:  	H�
�K17/06/1398 ��/���, �13/08/1398 X�
Y� �18/08/1398.  

 (���"�
K <���� DOI): 10.22091/cer.2019.4781.1171 
2

1- NASA 

�  Z� 	"3C�� �  ���C�, [�4@�� -�K , .-�?<  ���, �B? �>5

<, 	�K X�� �, ���"�5� 	"B,�C �K��F �>�3  ����  \�]

 :K>� �5 ^J��  A
� �@ 	��  

) A", A��� �-�,��  (M:�_ 	 `� � �,��
 D,�>

, �
 ��=� K�>  a�5<  M
�3@ 8
 <b��� �@��4�

�, c"CK d�,��
 ��  

) �� �B2� ����"e�  <? �3fC �-  8
 g�O��� (g

 dK��� [>,�  ���
� �
 �,��
 <f,�_ <,  

) d�B2� �-  �K 	"3fC \-� N"O0@ (h  

) (K<, 	�K , ����J� i
�>@ i,�>@ �K��F<  �����

���  �B2� ����"e�  ��� F ��� ]2[.  

�-� �?j ^J��  \���� �,� �   \�] ^"B+@ <, ��>@

 ���,<, 	�K  (K) �O, .	
�K�� ���"�5� 	"B,�C �K��F

� ���� ��	�	
���
� ����� �� �� �	�� ������ ���  

���� ��	�� ��
 !	 �"��#� ����$ %��� &�� �� ��  

  
<
�� ����"�5� 	"B,�C <
�=� <�K �5 <? 	�� L]���J� � >�� ��>R@ �� �� �"
� ����  k
�-@ <,

��
� ��/
�l , .	�� �K�? m�? ��-�.  \>B� �K ��< ^? �>5� ���"�5� 	"B,�C�  <? 	�� ���"n 
�  X�� �>�?�@ .-"��� �F D�>@ �� ���"� 8
 	 `� �
 � �,��
 ����J� ��>@  ��>��  ���

 <? 	�� �-� <b��� �-
-� 8
 �,��
 ����J� K��F�, �KX�� 	�>  �.  �� �9
 >:��?  A
�@ �
X�� A
�@K�,��?��   ��"�, X�� 8
 <b��� �, �_�J ����� �K .	�� <�" � A
� �K ��E ��K�� � �o
\�p �� �K�
� K�-3@ �K�K -":>@ �K ��"� K�>  ��� �K �K�K -":>@ .-� -���>
 qYJ �HK�r@ ���  A
�

�, �X���> �F <, ���"� s"� � �K>, \��p>��"� ��K>�� ���4  �>@ �K>�� ��p��� ��� �, MB�O  i,
�K�K ��� �� �  K�,��?�� ��"�, �K��>  �K X�� A
� .-��, �K�K <? -��,  K�>  �-
-� <, [>,�  ���

<��>"� \��p>��"� ��K>�� �@ �K>, t���K �K �H�? K�-3@ <, ����,  A
� �-���Yp �, .K>� K��
� ��
�K�K �� ��K>�� <� ��GH �K �-� �-�?��� 	
�>�9
 ��� �-3,� �  ��>@  ` �? i
�>@ �, �
���"e� 

�K�K �, u�����  ��<, 	�K  A"�P�� .K��F��.I  �"@ 8
 �,��
 ����J� K��F�, K�>  �K �B�� ��v 
<���K 8
 wB�  A�, �<���K -�I �K]>H �"@ �  ���� ���, -� ��>px�� � ��!e: �,��
 ����J�

 K���1� u
�?��>, ^� ��>C �,��
 ����J� � k
��� <? �-� <b��� X�� 	CK � �
F��? �/��", �F
�  �K�.�0"� .-��,  

:
���� ������   �,��
 ����J� �>:��? 	�>  �\��p>��"� ����"�5� 	"B,�C �<�>�� -":>@.  

  

���
 !�"�#� !�$���  

�-�.  ��/0�����  ���;+,  �;�� 
45"3�� ���.12� �
���.  

 :8"����9:� 	��  
civilman1390@gmail.com 



16    ���� <b���E -":>@ �K �o<�>�� ���� �,��
 ����J� <4��+  ���, �HK�r@ ��� >:��? 	�>  X�� <, ��  

 

�����  ���
����	
 ������ ���   ����� ����� ���2 ���� � � !"
�� �1398 

\�p �� �p-"P"� ����K �-� �?j ���  � �K>, K�
� ���

>  �
�, �K ���p	�� A9�  K��  ���, �4���  i,�@

�K�K i
�>@ 	H�
 ��  K>0�]3[ . X�� �K <BJ�  A
� �Y:

 -":>@ �� �K�� ���", <b��� �, � �-� qYJ �K�.�0"�

�K�K , ���< �  ��J��  ��-, �3
�>@ y>� �� ���, ��>@

s"� <�>�� ���> �F <�>p �K�K �, c,�f  ` �? �
��  ���

.K>�� -":>@ �HK�r@ ����"e�  ��� F  

 �5 ���"�5� 	"B,�C ��>R@ �� <BJ�  A":��

���  ���1920 �@ 1960 -� y��� ]4[ .^���H3

2  ��� �K

1924� "., ^2��<  � K>�� a�f  �� �,�
�" 3
4 ��� �K !"� 

1926� �, �� �J�5 ����"e�  {��
��� � A"/��"  t���

K�? K�.�0"� �HK�r@ ]5[ .�>���l5

4  ��� �K1953�  �,

�>4
� i,�>@ �� �K�1���6

5  � ���� ���"�5� 	"B,�C ��>R@

��>R@ ^ �� <? �� �K�r�C� �J��5  �K>, ��� F ���

K�? a�f  ]6[��/
K �0���� �K .  ���
� �@� -n  ^b�� 

� 8
 ���� <b��� �� �HK�r@ ��, 	+@ �>G -
K�p]7[ �K .

 ���1960  ��/
K �nn+ ���-�� K�? a�f  �� ���
� ��� 

]8[.  ���
� N
�� ��-3,-� ��",  �� ���
�>/:� {|� �

.l K�.�0"� \�K ���  �� �K�1��� 	
K�p- ]9[ .-�":7

6� 

 ���, ^��? ���
� N
�� <? K�K ��0�<, 	�K  �K��F

<�>��   �� ��	 ��n  � ����, �K ���
� ����>�?�H  \�] ��

	�� ]10[ . ���, ���"�5� 	"B,�C ^"B+@ �, ����, A
�

X�� �K �K�,��? �K�1���  <? K>, D4@�  �J��5 ���

 D�>@��-�
���8

7 -
K�p <b��� ]11[ . ��� �, ��? < �K� �K

 �/��/
 \-� L`90  �\�K ���  ���"�5� 	"B,�C <
�=�

 N
�� � S��� ��� �K <? -� NO0  ���"�5� 	"B,�C

1973 ,< �""e@ \-� ^b��  <��p�-l �>59

8  M0? -�

]12[ . ��� K�-J �K1970� �, ���� �J��5 	"B,�C t���

, � -� <b��� \�K ���  ���"�5�<  K�>  �3"�� �>5

                                                
3

2- Farsell 
4

3- Mayer 
5

4- Johnson 
6

5- Weibull 
7

6- Lind 
8

7- Ravindra 
9

8- Invariance 

	H�p ���C �K�1��� ]13[ .,< ��>5  ��� �K <?1970 �@ 

1974 M
�3@ �, ���"�5� 	"B,�C N
�� ��@>?  <B2�H A
�@

-4  �@ �,��
 wf� ��}  K��-����� �� �� i
�>@ �K L�r�O 

�H>��� D�>@10

9 � -
K�p <b��� -�": ]10[ ��/0���� .

��/
K  ���"�5� 	"B,�C <
�=� �K ������ ����f
 �o� ��

�K�K ���C ����, K�>   � -"�� <�"�� A
� <, �4
�n@ <?

,��
 K��
� ~��, ������ ����f
 <0"���  � K>� ]14[ .

 �K ��nn+  ���1978�  	"B,�C <4��+  ���, ���
�>/:�

-�K>�� <b��� �4"?�@ ��, 	+@ ���� ���"�5� ]7[ .

�A"�P�� 8  �?11

10 ����9�� � <�>�� X��  ��"p

�K .-�K>�� y�-,� �� A"@] A
� X��� �K�-+  L��""e@ �� 

"e� � <, ���, �
�� �, ����J� ����  �"�n@ �-� � ��GH 

"e� ��� <, L�>2 m39 �,� �
�� �"�n@ �  -�>� <? 

<�>�� ��"p �� �K�-+  8
�� �� A
� m39 �,� �� <, ^�� 

�  -
F � ��
�.� ����J� �,��
 <, ^9� �>�3  t����, 

<"GC ����J� ^? <, 	�K �  -
F ]15[ . K�-J �K

���  ���1982 A��
�? 	H�@12

11�  �����-l X��β  ��

���"� ���"�5� 	"B,�C ^"B+@ ���, ���� ���  �K ��

\�K ���  ���"�5� 	"B,�C ��>R@-  ��� <4@� ��", K�? 

]16[ . 8�? <, ��-3,A���>�13

12 X�� A
��  ^"�9@

 -
K�p]2[ ��� �K .1984��0���� �K �  X��

<"4� <�>�� ���� 	"��� �, ��"p  <b��� -�]17[.  

X�� �K  -":>@ ���-�  ���<�>��  � �HK�r@ ���

	�>  X�� <, �,��
 ����J� <4��+   MB�O  i,�>@ �>:��?

�K�K \��p>��"� ��� �, ����J� i
�>@  �K�K ���C ��

�  -�>� �<�>�� � �-� g�O��� �f
 A
���? �, i,�@  ��

�  -":>@ �=� K�>  i,�@ �3��@ i,�@ t>93  D�>@  .-�>�

<3:�f  A
� �K� � -":>@ ���, -
-l ����<�>�  ���

 .	�� �-� <b��� �HK�r@X�� A
� t����  K>
 �� �K�1���

K>�� ���K�K \��p>��"� �  ��  <? m"@�@ A
� <, .-��,

                                                
10

9- Hasofer 
11

10- McKay 
12

11- Thoft Christensen 
13

12- Sorensen 



�"b>9� ���� � ��K�,�, �Bn � � � �K��K>�+   17  
  

 

�����  ���
����	
 ������ ���  ����� ����� ��� 2 ���� � � !"
�� �1398 

�K�K \��p>��"� <�>�� 	
�>�9
 ��GH �� ��  �GH �K ��

 �K�-+  �K �-� <�H�p ���C [�n� � ��@ � �-� �K�K �>4�

, \��p>��"�< �  g�O��� �HK�r@ <�>�� ��>�� >�-�.  

2- ���� ��&�'  �()��� 
�
� *��+� ,�- �� �$

.!�� ,�- �� ���
/ *��01� �&-�� 

 �K� m
�n@ ��� �� 	�� L��4� >:��? 	�>  X��

<�>�� A"/��"  �� �K�1��� �, �_�
� -" �  �� �3,�@ ��

<"4� �HK�r@ ����"e�  �-� ���� ]18  �19[ . ���� �

, X�� A
�<  � ��@ �K �4
�n@ �K���p �>5<���  ���

 L�3fC �,��
 ����J� ��!"  �,�
��� ���, ��-�. 

���� y�>�� � �9
��9:� ��9"��9  K��K K�,��? �� . ����J�

 K�-3@ �"�n@ �, �X�� A
� �� �K�1��� �, ���"� 8
 �,��


�  ���C �,��
 <"J�� �K <? �5�n�  � ��@ K�-3@ �, -��"p

<�>�� <"4� ���  ��-� ����<, 	�K �   -
F]19[ . A
�

<�>��  ����J� �3��@ i
�>@ i,�@ t>93  �� �K�1��� �, ��

<, 	�K �  -�
F ]2 �19  �20[ .,< ^? �>5�  <BJ�  <�

<�>�� -":>@ ���,  �HK�r@ ��� <BJ�  <� A
� .K��K K>l�

-�@��4�:��  

) �HK�r@ K�-�� -":>@ (M:�vi  d8
 � �12 ���, �K  

) i,�@ <, �HK�r@ K�-�� A
� ��n��� (g �3��@ i
�>@

d����J�  

) (h<, 	�K  ��-n  �K��Fxi ��  �� �K�1��� �, <�>��

 �HK�r@ <fn� �K �3��@ i,�@ t>93 vi ]2  �

20[ ., ^J��  A
�<  �K 8"@��� L�>2^9� 1 

�-� �K�K ��0� .-��  

  

^9� 1 -  i,�@ t>93  �� �K�1��� �, �HK�r@ K�-�� -":>@ ^J�� 

�3��@ ]2  �20[  

�/
K ���p-
K ��", �,� �  �K�K -":>@ ��>@  A
� �K ��

 c,�f  �� X�� ^9�2 .K�? ��",  

  
 ^9�2 - �-� <b��� X�� �� �B? ����  



18    ���� <b���E -":>@ �K �o<�>�� ���� �,��
 ����J� <4��+  ���, �HK�r@ ��� >:��? 	�>  X�� <, ��  

 

�����  ���
����	
 ������ ���   ����� ����� ���2 ���� � � !"
�� �1398 

 c,�f  ^9�2 -  �(M:�)<�>�� -":>@ ���,  �-�,� ��

�K�K �4�� ������H \��p>��"� �-� ��� ���  A
��., {|�

�  g�O��� �F <, [>,�  i
�>@ i,�@  <b��� ��p-
K �K .K>�

 c45 �-�^9� 2 - �(g) <�>�� �� ���-"   i
�>@ �, ��

<� ��GH �K 	
�>�9
 �K �-3, �  <�H�p �=�  {|� .K>�

<�>�� ��GH �� �-� �?j i
�>@ i,�@  -���  �� ^9�2- (h) 

 ����K <"J�� �K <? �5�n� ��
F �K .-� -��>
 �K�K �>4�

�  ���C i
�>@ i,�@ -��"p� ,< <�>�� ��>��  �HK�r@ ���

�  g�O��� �>� �, <,�0  �3
�>@ ����K [�n� A
� .-

�K�K  .K>, -���>
 -�-� <b��� \��p>��"� �K <? <":�� ���

 ���C �-J D
��� i,�@ �K �-� -":>@ [�n� A
� �F �� {�

����J� � �-� �K�K -� -��>
 <4��+  �F D�>@ �,��
 

3 - ,�- 
����3�4 
�
� ��&�' ���� �$ 

X�� �K <�>�� -":>@ �>�3  ����  �-�,� 	�� ��"�

 �K � {��
��� � A"/��"  �, c,�f  i
�>@ i,�@ A
-�I

<�>�� �/
K �� ���� A
-�I K��>  �
�,  dK>� K��
� ���

�K�K \��p>��"� ��K>�� ��� �, i
�>@ i,�>@ A
� {|�  ��

�-� �K�K ���C �
� �F �� �K�1��� �, �  -���  MB�O  ���

��>9���?14

13 q��p>�:>? �
 �- >��"���q15

14 <? �3,�@ �

<�>�� i
�>@ �, �f
 -2�K A
���? ����K , �	���<  ��>��

< �K� �K .K>� g�O��� i
�>@ i,�@ A
��.,� �   D�>@ 	�
�,

<�>�� ��F �3��@ i,�@ t>93   i
�>@ �, c,�f  �
��

�K�K .-�>� -":>@ ��  

�� � ��"�, �-� �?j �>�3  X�� �,  g�O��� � �K>,

i
�>@ i,�@ A
��.,�  �f
 ���-n  A�H�
Y� -� ��"�

�  @ t>93  <4��+  A"�P�� .-��, !"� �3��@ i
�>@ i,�

��K>, ��>�K  � �K>, A9� �"� i,�>@ �
�, ���, ���p

X�� �� �K�1��� -� ��"� �  �4
�n@ ���  A", �� ���, .-��,

m
�n@ A
� �K�, L`90  � ��� ���  A
� �K �-
-l ^J

.	�� �-� <b��� <3:�f   

                                                
14

13- Chi-Squared 
15

14- Kolmogorov-Smirnov 

�� �K M1O  \�� �, �K�.�0"� X15SGH16, �<  ��l

 ��K>�� K>
 �� ��@]���J� i
�>@ i,�>@ �� �K�1���

�  �K�1��� \��p>��"�  ��-, <? L�>2 A
� <, .K>�

�K�K �4�� \��p>��"� ��K>�� �i
�>@ i,�@ �� �K�1���  �� ��

�  �K�K �>4� <�>�� ��GH 	
�>�9
 ��-"   �5�n� � -�>�

 <"J�� �K <?, -��H�p ���C \��p>��"� ��K>��<  ��>��

<�>�� �  g�O��� �HK�r@ ��� �K�p.-  

 <, <l>@ �,^9�  ���3  �4 �  �-��0   <? K>�

<�>�� s"� �� �K�1��� ��-, ��  -":>@ i
�>@ i,�@ <�>p

�-� �>=�  A
� ���, .-��� �K�K \�� <, ��  K��� mB�  ��!H�

�"� ��K>�� �^"B+@ \���� �� {� � �-� K��
� �.�F \��p>�

�  .K>�  

  
 ^9�3 - <� ��GH �� \��p>��"� �K�K �>4� <�>�� �-3, ��  

  
 ^9�4 - <�>�� g�O��� \��p>��"� <"J�� �K <�H�p ���C ���  

<�>�� K�-3@ <, <l>@ �, < �K� �K �K � ��"� K�>  ��� 

H�p �=����C L�>2 �K �-��, �� ����J� A� ��"p

                                                
16

15- Sample Generation with Histogram 
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