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ABSTRACT

In recent years, there has been a significant increase in the use of offshore pipelines in the
Persian Gulf, driven by the growing demand for energy and the exploration and utilization
of oil and gas resources in the sea. However, with this increase in offshore pipeline usage,
it has become crucial to ensure their safety and assess their vulnerability to seismic events.
The focus of this research is to conduct a numerical modeling of non-buried offshore gas
pipelines using SAP2000 V.14 software. The study investigates the effects of seismic wave
propagation and the response of offshore pipelines under different soil conditions,
considering both free and fixed end conditions. The analysis includes pipelines lying on the
sea bed and those with open mouths. Furthermore, a seismic reliability analysis of the
pipeline is performed using OpenSees software. The aim is to determine the reliability
index (P) and the annual failure probability of the marine pipeline based on the FORM
(First Order Reliability Method), SORM (Second Order Reliability Method), and FOSM
(First Order Second Moment) reliability analysis methods. The analysis is conducted for
different seismic limit states, including the Design Level Earthquake (DEQ), Operational
Level Earthquake (SEQ), Maximum Level Earthquake (MEQ), and Maximum Probable
Earthquake (MPE). The results highlight that when the pipeline has a free opening, the
maximum displacement caused by seismic movements is observed. Specifically, the
maximum seismic displacements of the pipeline in the open mouth state are approximately
four times higher compared to when the pipeline is lying on the sea bed. In terms of the
design of a marine pipeline with a free opening and fixed end state, it is considered
reliable for operational purposes when the annual probability of marine pipeline failure
related to service conditions is less than or equal to 0.01, and the seismic reliability index
P is greater than or equal to 2. In conclusion, this research provides valuable insights into
the behavior of offshore pipelines during seismic events and emphasizes the importance of
considering seismic wave propagation and response in the design and assessment of
marine pipelines. The findings can be instrumental in improving the safety and reliability
of offshore pipelines in the Persian Gulf and other similar regions.
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