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Abstract�
Risk and its evaluation is an integral part of engineering processes, since the probability of 
performance demand exceeding the supply in engineering systems always exists. For obvious 
economical reasons it is not only impossible to eliminate the risk, but also its reduction beyond 
certain extends weakens the economical feasibility of projects. Thus, the role and importance of 
basic engineering characteristics in risk analysis becomes evident. 
The design and construction of the harbor wall of the petrochemical port of Assalueh and 
installation of LPG pipe rakes on the breakwater stood out a serious challenge in the realm of 
value engineering. The 44m maximum height of this rubble mound breakwater amounted to a 
shaky base for the LPG pipe rakes in a seismically active zone. 
The technical specifications of the pipes reiterated that the maximum allowable settlement was 
less than 5cm, whereas the estimates derived from the dynamic analysis of the breakwater 
body showed that in addition to large displacements during a seismic event, the pipe racks will 
experience permanent lateral as well as vertical displacements well in excess of the 
aforementioned limits. 
Further investigations revealed that the vertical component of the displacement could be 
subdued by installation of piles, but restraining the lateral component will imposed a heavy 
burden on the funding of the project. It was therefore decided to accommodate for a calculated 
risk of ruptures in the pipes by including a segmental automatic shutdown system. 
This situation clearly portrayed the role and importance of the basic engineering data in the 
assessment of the maximum probable risk during the service life of the structure. Furthermore, 
it showed that expedient exploratory investigations could have produced a more accurate and 
adjusted risk evaluation that would have led to a better insurance policy.  
In this article the above mentioned case is studied and the appropriate courses of action 
described. 
Keywords: Risk, engineering, investigation, analysis, design�



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

�
�� ��� � � � � � � � �  

� ��� ��� � � ��
  

fz_kalantary@kntu.ac.ir 
 

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

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

� � � � � � � � � � � �LPG�� � � � � � � � �
� � � �� �� � � � � ����� � � � � � � � � � � � �

�� � � � � � �80ΣC���� � � � � � �����
� � � � � � � � � � � � � � � ���� � � � �� �

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

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

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

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

� � � � ���� � � � � �case study� � � � � � � �
�� 

� ���� � � �� �



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

� �� �� ���� � � �� �� � � �(NPC)�� � ��
� �� � � � � � � � �� � � ������ �

� � ���� � ����

������ � � � �±�� �
� �

� � � � �(Tender Design)�� � � � � � � � � � �
� � � � � �����

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

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

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

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



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

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

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

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

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

���� �� � � � � � � � � � �C���� � � � � � �
� � � � � � ��� � � � � �� � � � � � � �

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

����� ��� �� �



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

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

� � � � � � � � � � � � � � � � � � � � � � � �
(Rubble mound)����� � � � � � � � � � � � � � � �

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

� � �������
��

���±�� � � � � �� �
� � � ���  �  
������ � � � �(IV a) 
������ � � � � �(IV ʹ c) 

������±������   (III) 
�������������  � (III ʹ a) 
����±������  � (II) 

����������  �(II ʹ b) 
��� (I) 

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

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

��±�� � � 

��
��
��
��
��

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

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

��� � � �  
� �  ����  

1:1.5��  ��  
1:1.7��  ��  
1:2.0�
��  �
��  



 
���±�� � �� �

 

  
���±�� � � � �� �



� � � � � � � �� ��� � �L1��L2�� � ���
�����
���
� ���� � � � � � � � � � � � � � ��� ���� � � �

� � � � � � � � ������� � � �� � � � � �LPG�� ����
��

��
���±�� � � � � � �LPG� �

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

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

� � � � � ������� � � � � � � � � �LPG�� �����
� � � � � � � � � � � � � � � � � � � �� � ����

� � � ���� � �� � � � ����



��
���±�� ��� �

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

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

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

� � � � � � � � � � � � � � � ����
��

� �� �
"� ��"��� � � � �� � � � � � � � � �

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

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

� ����
� �������� � � � � � � � ����



��
���±��� �

� �

� � � ���� � � � � � � �""�� ���� � � � � �
� � ���� � � � � � � �""�� ���� � � � � � � �

���
� �� � � � � ������

� � � �����
� � ��� 
� ���� 

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

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

� ����

��

�� ���

� �� �

�� �� 

� �

� � 

� � �

� 

 



� � � � � � �(Variability)��� � � � �(Probabilistic)��
� � � � � � � �����

� � � � � �log normal�� � � � �normal�� ������ �
�� ��� ���� � ���� ��� � �� � ����

��

��
���±�� �� �

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

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

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

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

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

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

��
��



�� �
�� � � �� � � � � ���� � �� � � � � � �LPG�

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

� ��� � � � � � � �� �� ���� � � �
� � � � � � �������kg/cm2��
��c��� � � � � � � � ��

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

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

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

� � �� � � � � � ����
� �

[01] Alkyon report no. A847 [April 222] ͞Nautical Study of the Pars Petrochemical Port͟ 
[02] ARGOSS [2002 Version] ͞Online wind and wave data base of the world͟ 
[03] ChR/RWS Report no. 16ϵ [2000 Edition] ͞Manual on the use of Rock in Hydraulic Engineering͟ 
[04] DBC report no. NPC 122 [November 2001] ͞Coastal Engineering Compendium of the Pars Petrochemical Port͟ 
[05] DBC report no. NPC 232 [May 2002] ͞Breakwater Run up and Overtopping computations of the Pars 
Petrochemical Port͟ 
[06] DBC report no. NPC 355 [2003a] ͞Comparison of various types of structures for berths adjacent to breakwaters 
of the Pars Petrochemical Port͟ 
[07] DBC report no. NPC 442 [2003b] ͞Basic Design of the pile and deck structure for the berths 14 & 15 of the Pars 
Petrochemical Port͟  
[08] Det Norske Veritas (DNV) report no. 2002 0338 [April 2002] ͞Yuantitative Risk Analysis of the Pars 
Petrochemical Port͟ 
[0ϵ] Fugro report no. IR/811/01/02 [:anuary 2002a] ͞Marine Geotechnical Investigations of the Pars Petrochemical 
Port͟ 
[10] Fugro report [:anuary 2002b] ͞Geophysical and Current Measurement Surveys of the Pars Petrochemical Port͟ 
[11] International Institute of Earthquake Engineering and Seismology (IIEES) [2002] ͞Seismology Study of the 
Assalueh region͟ 
[12] The Overseas Coastal Area Development Institute of :apan [2001 Edition] ͞Technical Standards & 
Commentaries for Port and Harbor Facilities in :apan͟ 
[13] Water Research Centre of the Iranian Ministry of Power report [December 2003] ͞Physical Modeling of the 
breakwaters of the Pars Petrochemical Port͟ 
[14] WL | Delft Hydraulics [March 2002] ͞2D and 3D physical Model Tests of the Pars Petrochemical Port 
breakwaters͟ 
 


