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Fig.7-5  Test setup for a dynamic failure test of the elbow

An earthquake was simulated using a shaking table. The 
excitation of the shaking table imposed an inertial load on 
the elbow.

Approach for Advanced Seismic Assessment Technologies for Sodium-Cooled Fast Reactors
－ Behavior of Piping for Sodium-Cooled Fast Reactors under High-Level Seismic Loads －

To ensure the seismic integrity of nuclear power plants, both 
confi rming the ultimate strength under a high-level earthquake 
beyond the design condition and clarifying the design safety 
margin up to ultimate strength have been focused as important 
issues. In this study, a dynamic test of an elbow for a sodium-
cooled fast reactor was performed based on the knowledge 
that stress is easily concentrated into elbows in piping.

In the test, using a pin junction, one end of the elbow was 
fi xed to a shaking table and a weight was fi xed at the other end 
of the elbow (Fig.7-5). Excitation of the shaking table imposed 
an in-plane bending moment on the elbow by the inertial load 
of the weight. The results showed that the elbow did not fail 
under an earthquake of the level for which it was designed. 
After the confirmation, the excitation level was scaled up 
and the test was continued to confirm the ultimate behavior 
of the elbow. High-level excitation significantly exceeding 
the design level was needed to cause the elbow to fail in the 

test. Finally, a crack in the axial direction was observed at 
both sides of the crown part of the elbow (Fig.7-6(a)). It was 
confirmed from the test that the failure mode of the elbow 
was low cycle fatigue with crack initiation, propagation, and 
through-wall penetration. No structural instability such as 
collapse was observed. Moreover, it was confi rmed that fi nite 
element analysis can be used to reproduce the failure behavior 
of the elbow (Fig.7-6(b)).

Fatigue evaluation of the test based on the design code for 
piping was performed to clarify the safety margin included in 
the design fatigue evaluation method. The calculated usage 
factor (a usage factor shows the state of fatigue damage of 
a structure, with a usage factor of 1 being defi ned as fatigue 
failure of the structure) was signifi cantly beyond unity when 
the elbow actually failed (Fig.7-7). This result indicates that 
the conventional method of evaluating fatigue in piping has a 
large safety margin.

Fig.7-6  Comparison between (a) the test observation at the crown part of the elbow and (b) the analytical result 

using finite element analysis

(a) A crack in the axial direction was observed at the crown part of the elbow. (b) The test result was reproduced well by 
finite element analysis.

Fig.7-7  Fatigue evaluation based on a design code for piping

The fatigue life of the test specimen was evaluated based on 
the design code of the piping. The calculated total usage factor 
significantly exceeded unity. From this result, it was confirmed that 
the conventional fatigue evaluation method for piping has a large 
safety margin.

Shaking direction

Shaking table
Material: Stainless steel (SUS304)

Pipe size: Outer diameter, 165.2 mm
      Thickness, 2.8 mm

Weight
Pin junction hinge

Linear ball bearing

Pedestal

(a) (b)

Crack penetration

Y

Z X

0.019    0.009  −0.0008  −0.011  −0.02    −0.03    −0.04    −0.05    −0.06   −0.069
Crown of elbow

0.01

0.1

1

10

100

1000

0 2 4 6 8 10 12
Maximam input acceleration (G)

U
sa

ge
 fa

ct
or

 U
f

Fatigue limit Uf = 1

Crack penetration

Safety margin

Reference

Watakabe, T. et al., Study on Ultimate Strength of Thin-Wall Piping Components for Fast Breeder Reactors under Seismic Loading, Transactions of 22nd 
International Conference on Structural Mechanics in Reactor Technology (SMiRT-22), San Francisco, California, USA, 2013, p.1575-1584.

Research and Development of Fast Reactors


