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a b s t r a c t

The Leak-Before-Break (LBB) concept has an effect on the safety design of Fast Breeder Reac-
tors (FBRs), and thus its assessment has been one of the most significant issues. In the case of
a commercial-scale FBR, since the main loads are the thermal expansion and thermal tran-
sient stresses, ferrite steel with a low thermal expansion rate has been a candidate material.
Moreover, thin-walled and large-diametric pipes have been used to reduce the number of
loops, which might also result in an economical advantage. A conventional LBB assessment
method is insufficient to consider these characteristics, thus an advanced method is
required. In this context, in the present paper, the following points were proposed to apply
the LBB assessment method to ferrite steel pipes with thin walls and large diameters: (1) The
surface resistance correction factor against a flow through penetrated cracks was improved
for a reasonable leakage assessment under low-pressure. (2) The R6 method was applied to
an unstable fracture assessment for postulated cracks. (3) A buckling assessment was intro-
duced in determining the critical crack length for elbows. The applicability of this proposed
method has been verified through an LBB assessment on typical ferrite steel pipes.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Application of the Leak-Before-Break (LBB) concept has an important role in realizing a reasonable design of Fast Breeder
Reactor (FBR) plants with the assurance of safety and economy. In the case of commercial-scale FBRs, a low-pressure con-
ditions and the use of ductile materials have an advantage in the sense that the risk of unstable fracture in key structures
can be virtually eliminated [1]. For example, double-ended guillotine breaks in pipes can be prevented by detecting a leakage
that occurs at the through-wall stage of a crack opening under these conditions. A consideration of these LBB characteristics
can enlarge the degree of design freedom with respect to the materials, piping layouts, and safety measures against a leak-
age, thus leading to improved plant reliability and economy.

To apply the LBB concept to FBR structures effectively, it is essential to notice their design characteristics. The represen-
tative influence factors of the FBR design characteristics on the LBB assessment are shown in Fig. 1. The FBR plants have real-
ized a comparatively good generating efficiency under normal operating conditions of high temperature and low-pressure by
virtue of coolant with a high boiling point [1]. Under high temperature, creep is not a negligible aspect for a defect assess-
ment, and thus creep-fatigue crack growth evaluations considering the stress relaxation owing to creep and cyclic plant
operating conditions were performed in this paper by reviewing the present defect assessment guidance [2]. Generally, a
low-pressure condition makes leakage detection uneasy, and thus it may result in an unsafe leakage evaluation. For this
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reason, careful considerations are required to determine the appropriate leakage evaluation techniques for an LBB assess-
ment of FBR structures.

Meanwhile, an innovative FBR design is ongoing to minimize the piping length and number of loops for cost reduction.
The minimized piping length is considered to increase the thermal expansion stress under high temperature. As a solution to
the thermal stress problem, ferrite steel with a small thermal expansion has been recommended for FBR structures. Actually,
thermal stress can be classified into the secondary stress of a displacement-controlled type, which is well known to reduce
the risk of unstable fractures in the piping structures [3]. However, it is thought that the fracture assessment as a critical
failure mode is necessary to confirm the LBB concept of FBR structures.

As shown in Fig. 1, a minimized number of loops and low internal pressure lead FBR structures for thin-walled and large-
diametric piping systems. Another comprehended critical failure mode in these structures is considered to be buckling rather
than an unstable fracture, and the representative object is an elbow with an axial crack. Based on these considerations, the
present paper proposes a prospective LBB assessment methodology applicable to commercial-scale FBR piping structures
with an emphasis on leakage evaluation under low-pressure condition, unstable fracture assessment taking into account
material resistance to crack growth, and the possibility of buckling as a LBB assessment category in thin-walled and
large-diametric elbow structures.

2. Proposed LBB assessment methodology for FBR piping structure

2.1. LBB assessment flow

The LBB assessment flow in a FBR structure with a postulated crack can be constructed as in Fig. 2 based on the LBB def-
inition. Fig. 2 indicates that the LBB behavior arises and the fracture mode corresponds to a partial penetration when the
detectable crack length due to leakage evaluation is smaller than the crack length at a critical state. The crack length caused
by creep and fatigue at penetration is naturally deduced to be smaller than the detectable crack length, considering the crack
growth under plant operating conditions. The critical crack length can be obtained from the fracture assessment considering
the material and structural characteristics.

2.2. Creep-fatigue crack growth evaluation

Creep is a meaningful damage factor, together with fatigue, for crack growth in FBR structures subjected to high temper-
ature. Generally, creep-fatigue crack growth may be evaluated from the following equations, which neglect the interaction
between creep- and fatigue-induced damages:

da=dN ¼ ðda=dNÞc þ ðda=dNÞf
ðda=dNÞc ¼ Cc � ðDJcÞ

mc

ðda=dNÞf ¼ Cf � ðDJf Þ
mf
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Fig. 1. Influence factors of FBR design characteristics on LBB assessment.
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