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Seismic Vulnerability Assessment of Derrick-
Supported Flare-Stacks Using Fragility Curves 
 
Risk reduction and management of oil, gas, and petrochemical 
plants are important in terms of energy supply, financial 
implications, life loss, and repairs. Probabilistic analysis and 
reliability methods are effective approaches for calculating the 
risk and cost to such plants, which are composed of units with 
different types of equipment and structures that have different 
responses and consequences. One major piece of equipment in a 
plant that has been shut down is the flare. Depending on the 
height, the flares can be self-supported, guy-supported, or 
derrick-supported. The current study investigated the seismic 
probability behavior of a derrick-supported flare. An existing 
flare was investigated using the finite element method and 
incremental dynamic analysis as a case study. The different limit 
states of the structures were considered when calculating the 
fragility curves using the results of incremental dynamic analysis. 
The results showed that the seismic demand on the main structure 
of the flare stack in the ordinary seismic intensity range was not 
significant due to the flexible behavior of the structure. 
 
Keywords:   Incremental dynamic analysis, Flare, Fragility curve, 
Seismic vulnerability, Probabilistic assessment.  
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13- Cornell 
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14- Intensity Measure 
16

15- Demand Measure 
17

16- the maximum intersegment displacement ratio (ISDR 
max) 
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17- Scale Factor 
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18- Probability Distribution Function 
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19- Lognormal CDF 
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� ; ���� � �2*�* ��9 � <+.^�� � �*8� �19,4 P�8/

� B+� <+4� ;� Y2* ;P�8/ �04 �19,4 .	�� �0� ����  

*��� �������  Y2* ;�n�����  q��[ � i��8[

�0� ��8.�  �*ASCE 7-10 ]17[  �* �0� ;w��� ���\4 �

�04 �* Yy ��� ;� B+!N  �0���� �.C P�97�4  ����

 ;� �W��Z 	!5 �0� ����� ������ .	�� �0� c�RO

Y2* 0. ��\� ����: 

- �*�4 ����    

- �0�� ����   

- i+R4 ��4*�   

- ��!� ��4* Y-�4 ���*���   

- *�� ����   

- ���O ��� ��.   

 � 	��� ��B5� ��� � ���� *8
 ��� Y4�� �*�4 ���

h�� i�8  ���� *8
 �*�4 ��� .	�� ��w�*  ���� ;� ��BC�

�4 �����  ��� Y4�� P�31-�4 � 	��� ��B5� ��� � *8�

���*��  ��� �� ��� � ���  ��+4 ���8b� � �����*

 ��4* �++}  .	�� �0� �*�* �+97  ���� ;� Y-�4

 i+R430± � ���� ;� *��J+���� ;5�* �0� �*�* e�9�


�4* P��++}  .	�� Y4�� Y-�4 *�b1�� �� ���� �

 �� P���W250  ;� ;1-� �Q�� �* *��J+���� ;5�*100 
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�9�
� ���� ;� ;�� �* *��J+���� ;5�* .	�� �0� �*�* e

 *�� ���n����� ASCE07-10  �7�5/29  �W��Z ����

	�� �0� �*�,��� ���� ]17[_��.  ���* .  �1+1R  ���

 ����*84 ������� ��� ;� ��0���  ��054  Yb� �4 

.	�� �0� Y/�W  

 ��054-  ���� �1+1R  ���*84FL-01-3S-H51 �04 �0� ����  

*84 ����� _��.  ���* Ux  Uy Uz 

1 8191/0 4541/0 1379/0 6 -e216/1 

2 8181/0 138/0  4541/0 000123/0 

3 256/0 0052/0 0009/0 9-e793/7 

4 224/0 0069/0 249/0 000439/0 

5 222/0 2466/0 0062/0 000029/0 

6 132/0 13-e9/2 11-e3/6 002477/0 

  
 Yb�4 - Yb� K�- �� ��� *84 ;� ���� �1C FL-01-3S-H51  

5 - C$D� �7�6E� FG��� 

���O P�-O�T4 �� ���+�� �* ���  _�7���

_��� 	��J�  ��;97�4 n�����  ����� *�84 ;3T.4 ���

 ��� � ;3T.4 f�
 V8� ��?�B� �Y�? �� ;1/�C �8^��

�4 P�8/ *�0�� A\.4 ;� `8��4 P�97�4  �  *�+?

	��J� q7�.4 ���� 	��J� ;� �� 	��\� <���+�  ���

	��J� _�7��� �� k� .0.��� ;���* ;3T.4 Y��R4  ���

���O P�-O�T4 h�N�� 	!5 84 gT� ;� ���j� *��  n�+34

�4 Y+1R  �* �4� .0�*�?  ���IDA ����� m���  ���

 ;� ���+� ;2 	�� �> �0.�* ���� ;�C�? P�8/

	��J� _�7��� �* Q�� 	+���W  �?�B� � ;1/�C n����� ��

��� ��� *�N� Y/�W m��� �* ���0.U P��,  � 0��� **�? 

]18[ .;+/8  a\Z  Y��2�  �� �*�,���10  � 20  *�82�

 ��[�3  *��>�� ���� �O8\: Y��: 	:* �� dQ8�-4 ;OBO�

	�� ��*�8
�� q+�> ]14[. ;O�34 <� �*� 10 

_��� �*�* ]��� �� 	��J�  ;OBO� ���PEER  o��7���
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 � 0*�?�* �!�> P�97�4  ��055 	�� �0� �*�* ��� 

]19[	��J� H��� 6+Z .  K�� �� �*�,��� �� �82L4 ���

 BJ.+.5 �*0�]20[ �;  �0� n�+34 P�8/ � n�+34

�* �0�� 0  Yb�5 	�� �0� �*�* ����.  

 ��055- ;�8�N4 	��J� ��� q7�.4 ]19[ 

����� *�0�� h�� ��J��� ��� PGA �?�B� 

1 Imperial Valley Plaster City 1979 057/0  5/6  

2 Loma Prieta Hollister Diff 1989 2785/0  9/6  

3 Loma Prieta Anderson 1989 246/0  9/6  

4 Loma Prieta Coyote Lake 1989 179/0  9/6  

5 Loma Prieta WAHO (000) 1989 373/0  9/6  

6 Loma Prieta WAHO (090) 1990 654/0  9/6  

7 Beverly Hills Northridge 1994 4434/0  7/6  

8 Nishi-Akashi Kobe 1995 4832/0  9/6  

9 Abbar Manjil 1990 5145/0  4/7  

10 Imperial Valley El Centro 1979 117/0  5/6  

  
 Yb�5 - Z+6 H��� ;\� _��� 	��J� ��� _�7��� �0� �; P�8/  (6O�)34+n� �0��  (_) �34+n� ��0 �� 	\�� 4+��� 5%  

6 - (	
)* IE��  ��IDA (JA K"�� 8#$ � 

;O�34 <� �*�  ��� 	R  ���� ���C�10  *�82�

 �* �� ���� 	�� �0� ;w��� �!�> P�97�4 ;2 61�74

������  Y+1R  	R  �BN4 P�8/ ;� �[�� � �O8Z

�4 ����� ���BC� �b+4�.* � P��pZ� .*8�;  �04> 	�*

Y+1R  m��� �� _��� �� ���� ��  `�3� P�8/ ;� ;2 	��J�

���� P���
 ���0�� ;� `8��4 ;���? �� )DM(  ����� �*

;OBO� P0� �0� n�+34 ��� )IM( �4  P�8/ ;� �0���

�.R.4  ���IDA �4 �+��   �* .**�? Yb�6  m��� <�

;� ��5 ;.+�+� P�8/; �* �\�� ��5  _��� ;.+�+� �����

�0� ��� <+4� 	��.  

�.R.4  <++-  ���� ���B�� �?0..b� ���

q+�> � Q���W� �4 ;OBO� �� ���� ��L� .��� �*�,��� �� .0

 gT� ;� � h�* �7� �* �0� ;w��� P�R+[8  � i���� ��

*�b1��� �� �*�,��� 	+1��:  ;,:�)I.O(  ���5 �.�� �

)L.S(  KB���C �)C.P( Y�-O��8��* �* o�0.4 

FEMA356 ]15[ ;� ����� *�84 ���� ����  �8j.4

 ��B+4 �;OBO� �� P0� �� �* ����
 ����W� ������

 �� Q���W� A�8  �����4����n�����  A�8  K����
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�*�* ;� ��4�� ����JO ;� �� .	�� �04> 	�* ��4����  ���

 �?0..b�)CDF( �0� ;w��� �.R.4 d���!� � 0��  ���

 ���� �?0..b�;�  � �O8Z 	!5 �* �* P���
 	O�W

 �[��05 �* ���6  �7  Yb� �7  �*�34 .	�� �0� ;w���

;� �*�b1�� gT� ;� V8:� �� ���.�4 ����W�  �04> 	�*

�4 �;-O�T4 *�84 �1C ����  ;��34 ���� ���+-4 0.��8 

���� *�b1�� .0.��� ;���4 ���  

  
 Yb�6- .R.4� ��� IDA ����  �1CFL-01-3S-H51  	!5 �* (6O�)O8Z�> �0� ;/p
 �.R.4 � �[�� (_) � �  

 ��056- ��4���� ) �?0..b� ���CFD lognormal �1C (FL-01-3S-H51 �O8Z 	!5 �*  

-4 S��R��+��  <+J��+4  *�b1�� gT�  

4017/0  6221/0  I.O  

3866/0  9273/1  L.S  

3738/0  5327/2  C.P  

 ��057- ��4���� ��� ?0..b�� (CFD lognormal) �1C FL-01-3S-H51 �* 	!5 [���  

-4 S��R��+��  <+J��+4  *�b1�� gT�  

44503/0  64509/0  I.O  

39325/0  2786/2  L.S  

35471/0  9606/2  C.P  



S�+� �������82 �,�� � �*��  101  

  

 

����� 	
���� ��� ������ ���   ����� ���� ���1 ������  � ��!� �1399 

  
 Yb�7 -  �1C �?0..b� �.R.4FL-01-3S-H51 �[�� (_) � �O8Z (6O�) 	!5 �*  

7-�E	�� �#	� 

���O ������ ;� ;O�34 <� �*  �1C B+!N  � Q���W� ��

	�� �0� ;�
�*�� ��\+��� ���� �� �0� ��!4.  <0�

 �0� *��>�� � Q���W� K�� ;� �?0..b� �.R.4 ��8j.4

 *�84 �1C ���� .0*�? ;w��� B+� ;Z8��4 �����4���� � 	��

;-O�T4� �4 ��8.5 ��?*��> ��,� ��0+4 �* A:��  � 0���

 Y2* ����*;�  V�, �� �� �!5�46  �� Y-�4 �� ;2 ��4

 V�, ��51 �4 	jC�R4 ��4  ����
 �
�� A�8  .0.2 �*

Y+1R  �� �*�,��� �� ;OBO� P0� ��  �b+4�.* ���

 ��� 	R  ���BC� �T
�+t10 _���  o��7��� 	��J�

 	�� �� �0�PEER ;�  .	�� �04> 	�*EDP  _�7���

 ���� �0��1C ����� ��5 ;.+�+�; �\�� ��5  �PGA  B+�

 ��8.� ;�IM �� 	�b� �����+-4 .0*�? _�7���  n���

 gT� ;�IO� LS  �CP  Y�-O��8��* �* o�0.4

FEMA356 0�0� _�7��� .  

m��� �� ����4� ���O 	+.4� �� ����  V8� <� ��

���� �� ��  ����) �2 ��+�� � Q���W� �*�34 ;� ;58 

 �0W PQ�WLS  �CP;OBO� �*�0R4 (  �  ��g 8/0 *��*� 

 ;3T.4 �2�W ;OBO� ;2 �O�W �*g 35/0 �4  � 0���

 �0W 	O�W �� <�C� � ��C <+�� ��+�� ����W�IO  ����

;OBO� �*�0R4  �  ���g 4/0 �4 �0���4 **�?.   
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���� <� �W��Z ���� K��B? ;� ;58  �� � ��  *8584 ���

�4 �LO � *��* 	3��T4  	,? ��8 ���O ��+�  <� ;� �*��� ��

���� P0� �*�0R4 �* �� ���O S��-�4 ���  �� ;58  Y��:

��� 0���� � ��.^�� �4�; ���O i��8[ ��+?��2  ���� ��

;OBO� Y�W �4 ;+/8  �*�� ��� .*8�  �!��� �* h�BO

������ ���O ��� ���� V�8�� ���� ��  m��� ;��34 � �1C ���

� �?0..b� �����4���� �; �4 ;+/8  �04> 	�* .**�?  
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