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ABSTRACT

Effect of Dimensions on the Failure Behavior of Pipe Elbow

under Large Amplitude Cyclic Bending Loads

Hong Jin Ney
Advisor : Prof. Jin Weon Kim, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

In order to evaluate the structural integrity of safety-related system, structure, and co
mponents (SSCs) of nuclear power plants (NPPs) under beyond design basis earthquake
(BDBE) conditions, it is important to understand the non-linear deformation and failure
behavior of SSCs under large-amplitude cyclic loads. In particular, the pipe elbow in th
e nuclear piping system is a vulnerable component under a large seismic load, and thus
a number of experimental and numerical studies have been conducted on the pipe elbo
ws. However, most studies have been conducted on limited elbow dimensions, e.g., thin
-walled elbows, even though nuclear piping components have various dimensions. Thus,
the non-linear deformation and failure behavior of pipe elbows under large-amplitude cy
clic loads is still unclear. Therefore, the objective of this study is to investigate the eff
ect of elbow dimensions on the failure behavior of pipe elbow under large-amplitude in
-plane mode displacement-controlled cyclic bending loads.

For this purpose, cyclic failure tests were conducted on SA403 WP316 stainless steel
elbow specimens with two different thicknesses: 4-inch Schedule 40 (Sch. 40) and 4-inc
h Schedule 160 (Sch. 160). In the tests, large-amplitude cyclic displacements were appli
ed with and without internal pressure. The amplitude of the cyclic displacement corresp

onded to more than 6 times the allowable elastic stress range for the design basis earth

_ix_
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quake in the design code. From the test results, the failure mode and failure cycle wer
e evaluated for two different elbow specimens. In addition, finite element (FE) simulati
ons of the cyclic failure tests was performed to determine the parameters that govern th
e crack location and orientation in the elbow. Finally, parametric FE analysis was cond
ucted for pipe elbows with various dimensions, e.g., various diameters and Schedules (t
hicknesses), and the location and orientation of cracks in the elbow were determined fr
om the parametric FE analyses by applying the governing parameters identified in the F
E simulation. It was found that failure mode of elbows, such as crack location and orie
ntation, under large-amplitude in-plane mode displacement-controlled cyclic bending was

dependent on the radius to thickness ratio of the pipe elbows (& /#). In case of smalle
r Rm/ ¢ elbows, circumferential cracks occurred at the intrados, and in case of larger
Rm/z‘ elbows, axial cracks occurred at the crown. Also, the critical Rm/ t at which the

failure mode changes increased with increasing internal pressure. The results of this stu

dy could contribute to the development of evaluation procedures and failure criteria for

SSCs in NPPs under BDBE conditions.
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WP316 SS (Sch. 160)
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Cir. strain[%]

Cir. strain[%]

5.0

5.0
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5.0
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