
Accepted Manuscript

Probabilistic seismic analysis of an LNG subplant

Oreste S. Bursi, Rocco di Filippo, Vincenzo La Salandra, Massimiliano Pedot, Md S.
Reza

PII: S0950-4230(17)30890-2

DOI: 10.1016/j.jlp.2017.10.009

Reference: JLPP 3608

To appear in: Journal of Loss Prevention in the Process Industries

Received Date: 15 February 2017

Revised Date: 31 July 2017

Accepted Date: 13 October 2017

Please cite this article as: Bursi, O.S., di Filippo, R., La Salandra, V., Pedot, M., Reza, M.S., Probabilistic
seismic analysis of an LNG subplant, Journal of Loss Prevention in the Process Industries (2017), doi:
10.1016/j.jlp.2017.10.009.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jlp.2017.10.009


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Probabilistic Seismic Analysis of an LNG Subplant 

Oreste S. Bursi
a*

, Rocco di Filippo
a
, Vincenzo La Salandra

a
, Massimiliano Pedot

a
, Md S. Reza

b
 

a 
Department of Civil, Environmental and Mechanical Engineering, University of Trento  

Via Mesiano 77, 38123, Trento, Italy 

oreste.bursi@unitn.it, rocco.difilippo@unitn.it, Vincenzo.LaSalandra@unitn.it, m.pedot@studenti.untin.it 

 

b
 Ingenieurgesellschaft  Dr.-Ing. Fischbach Mbh 

An der Vogelrute 2 - D-50374 Erftstadt- Lechenich, Germany 

rs@ig-fischbach.de 

 

ABSTRACT 

Refrigerated liquefied gas (RLG) terminals that are part of lifeline facilities must be able to withstand extreme 

earthquakes. A liquefied natural gas (LNG, ethylene) terminal consists of a series of process facilities connected by 

pipelines of various sizes. Although tanks, pipes, elbows and bolted flanges have been a major concern in terms of 

seismic design, generally, they have not been analysed with modern performance-based procedures. In this study, the 

seismic performance of pipes, elbows and bolted flanges is analysed and seismic fragility functions are presented 

within the performance-based earthquake engineering framework. 

Particular attention was paid to component resistance to leakage and loss of containment even though several 

different limit states were investigated. The LNG tank, support structures and pipework, including elbows and flanges, 

were analysed with a detailed 3D finite element model. For this purpose, we developed a mechanical model of bolted 

flange joints, able to predict the leakage limit state, based on experimental data. A significant effort was also devoted 

to identification of a leakage limit state for piping elbows, and we found the level of hoop plastic strain to be an 

indicator. Given the complexity of the FE model of the LNG plant, we selected the Cloud method for probabilistic 

seismic demand analysis, due to its advantages in terms of consistency in the seismic input and of computational 

savings. Then, using a series of nonlinear time history analyses, we studied the behaviour of critical components such 

as elbows and bolted flange joints. In order to develop fragility curves, we selected a set of 36 ground motions from a 

database of historic earthquake accelerations. The results of seismic analysis show that bolted flange joints remain 

significantly below their leakage threshold whilst elbows at the top of the LNG tank are likely to show leakage. 

Moreover, fragility functions were computed, based on a linear regression approach, and we deduce that elbows 

located on the tank platform are relatively unsafe against earthquakes. Finally, the estimated probability of loss of 

containment was above the probability associated with ultimate limit states involved in structural Eurocodes.  
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