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a b s t r a c t

The relative displacement of a piping system installed between isolated and nonisolated

structures in a severe earthquake might be larger when without a seismic isolation system.

As a result of the relative displacement, the seismic risks of some components in the

building could increase. The possibility of an increase in seismic risks is especially high in

the crossover piping system in the buildings. Previous studies found that an elbow which

could be ruptured by low-cycle ratcheting fatigue is one of the weakest elements. Fatigue

curves for elbows were suggested based on component tests. However, it is hard to find a

quantitative evaluation of the ultimate state of piping elbows. Generally, the energy

dissipation of a solid structure can be calculated from the relation between displacement

and force. Therefore, in this study, the ultimate state of the pipe elbow, normally

considered as failure of the pipe elbow, is defined as leakage under in-plane cyclic loading

tests, and a failure estimation method is proposed using a damage index based on energy

dissipation.

Copyright © 2016, Published by Elsevier Korea LLC on behalf of Korean Nuclear Society. This

is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

The seismic requirements for nuclear power plants (NPPs)

have been enhanced after the Fukushima nuclear accident

caused by the earthquake near Tohoku, Japan in 2011. To

satisfy these new requirements, many studies have been

conducted on the application of isolation systems which can

secure a higher seismic capacity without major changes to

existing designs. However, partial isolation in an NPP can

cause a large relative displacement of piping systems con-

necting isolated structures to nonisolated structures.

A piping system, one of the most important parts of a

nuclear power system, was classified as S/O (screen out) in

the 2002 probabilistic risk assessment by Korea Hydro &

* Corresponding author.
E-mail addresses: kwenry@pusan.ac.k (D.-U. Park), nskim@pusan.ac.kr (N.-S. Kim).

Available online at ScienceDirect

Nuclear Engineering and Technology

journal homepage: www.elsevier .com/locate/net

Nu c l e a r E n g i n e e r i n g a n d T e c h n o l o g y x x x ( 2 0 1 6 ) 1e9

Please cite this article in press as: B.-G. Jeon et al., A Failure Estimation Method of Steel Pipe Elbows under In-plane Cyclic
Loading, Nuclear Engineering and Technology (2016), http://dx.doi.org/10.1016/j.net.2016.07.006

http://dx.doi.org/10.1016/j.net.2016.07.006
1738-5733/Copyright © 2016, Published by Elsevier Korea LLC on behalf of Korean Nuclear Society. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kwenry@pusan.ac.k
mailto:nskim@pusan.ac.kr
www.sciencedirect.com/science/journal/17385733
www.elsevier.com/locate/net
http://dx.doi.org/10.1016/j.net.2016.07.006
http://dx.doi.org/10.1016/j.net.2016.07.006
http://dx.doi.org/10.1016/j.net.2016.07.006
http://creativecommons.org/licenses/by-nc-nd/4.0/


Nuclear Power Co. [1] because it is hard to effect a large

relative displacement of a piping system under a non-

isolated system. However, the seismic risk of a main steam

pipe in an NPP can increase due to a large relative

displacement of a piping system, by applying a partial

isolation system. A leakage from a pipe system in an NPP

can be classified as a critical accident due to the possibility

of radiation leakage. To predict a leakage in a piping system,

a probabilistic safety assessment should be conducted on

the piping system in accordance with NPP standards. Defi-

nition of failure is one of the most important parameters

needed to make an appropriate prediction in probabilistic

safety assessment. Therefore, it is necessary to define the

final state of a piping system to ensure the safety of NPPs

under seismic conditions.

Many studies have been conducted on piping systems

under seismic conditions in order to identify weak compo-

nents and to perform nonlinear behavior analysis based on

experimental and analytical methods.

Dynamic behavior analysis of piping systems under

seismic conditions using a seismic table was performed by

Touboul et al in 1999 [2]. According to their study, plastic

behavior could occur at the pipe elbow under seismic

conditions.

Experimental research on the dynamic behavior of typical

piping systems in NPPs has been performed for several years

by the Japan Nuclear Energy Safety Organization and the

Nuclear Power Engineering Corporation [3]. Cyclic loading

tests and shake-table tests for piping components have been

performed in the research processes.

PIPE       : ASME B36. 10. SA-106 STEEL 

ELBOW  : ASME B36. 10. SA-106 STEEL 
3IN. SCH. 40, R = 114.3 mm, THK. = 5.49 mm

3IN. SCH. 40, OD. = 88.9 mm, THK. = 5.49 mm
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Fig. 1 e Description of test specimen. OD, outer diameter; R, radius; THK, thickness.
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Fig. 2 e Description of connection zig.
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