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1. Introduction 
 
Generally, an isolation system for a facility in nuclear 

power plants can causes a large relative displacement 
under seismic condition. In some cases, this large 
relative displacement can increase seismic risk of the 
isolated facility. Especially, a inelastic behavior of 
crossover piping system to connect base isolated 
building and fixed base building can caused by a large 
relative displacement. Therefore, seismic capacity 
estimation for isolated piping system is needed to 
increase safety of nuclear power plant under seismic 
condition. 

Dynamic behavior analysis of piping system under 
seismic condition using shake table tests was performed 
by Touboul et al in 1995. In accordance with their study, 
plastic behavior could be occurred at pipe elbow under 
seismic condition [1]. Experimental researches for 
dynamic behavior of typical piping system in nuclear 
power plant have been performed for several years by 
JNES(Japan Nuclear Energy Safety Organization) and 
NUPEC(Nuclear Power Engineering Corporation) [2]. 
A low cycle ratcheting fatigue test was performed with 
scaled model of elbow which is a weakest component 
in piping system by Mizuno et al. [3]. 

In this study, in-plane cyclic loading test is 
performed for evaluating seismic capacity of a internal 
pressured piping elbow under seismic condition. In the 
test, critical component of piping system is the elbow. 
And  failure was defined as leakage. As a result, A 
fatigue curve for 3 inch steel piping elbow was 
estimated from test results. and a numerical analysis of 
piping elbow was performed and the results was 
compared with test results. 
 

2. Component Test and Test Results 
 
Test specimens were made in accordance with 

ASME B36.10. The material is SA-106 steel, outer 
diameter and thickness are 88.9 mm and 5.49 mm 
respectively. 270 mm straight pipe was welded each 
end of elbow to make inelastic behavior in elbow part. 

Fig 1(a) shows the test experimental configuration. 
Test specimen was filled with water and 3MPa internal 
pressured by using air booster. In-plane loading was 
performed by displacement control. loading amplitude 
was controlled from ±20 mm to ±100 mm at intervals of  

±10 mm. As shown in Fig. 2(b), through crack occurred 
on the near crown in piping elbow. Those cracks grew 
up in axial direction. 

 

 
Fig. 1. Description of test specimen 

 

 

(a) Experimental configuration 
 

 

(b) Leakage point 
Fig. 2. Description of component test 
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The fatigue curve was estimated from test results as 
shown in Fig. 3. Figure 3(a) is the fatigue curve of the 
ratio of Dmax to Dyield. Here, Dmax is the loading 
amplitude, Dyield is the yield displacement. Fatigue 
curve based on relationship between loading amplitude 
and number of cycles is as shown in Fig 3(b).   

 

1 10 100
1

10

D
m

ax
 /

 D
yi

el
d

Number of Cycle
 

(a) Fatigue curve of the ratio of loading amplitude to yield 
displacement 
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(b)  Fatigue curve based on the loading amplitude 
Fig.  3. Fatigue curve of 3in. piping elbow 

 

A numerical model of piping elbow was built by 
using results of coupon test. And it was updated with 
cyclic loading test results. Fig. 4 shows the results from 
test and numerical analysis. The relationships between 
displacement and force from tests and numerical 
analysis was well matched. 
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(a) 50mm force-displacement relationship 
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(b)  60mm force-displacement relationship 

Fig. 4. Comparison of test and analysis results 
 

3. Conclusions 
 

In-plane cyclic loading tests under internal pressure 
condition were performed to evaluate the seismic 
capacity of the steel piping elbow—a weak component 
in a piping system under seismic condition. 

Leakage phenomenon occurred on and near the 
crown in piping elbow. Those cracks grew up in axial 
direction. 

The fatigue curve was estimated from test results. In 
the fatigue curve, loading amplitude exponentially 
decreased as the number of cycles increased.  

A FEM model of piping elbow was modified with 
test results. The relationships between displacement and 
force from tests and numerical analysis was well 
matched. Therefore, failure of piping elbow can be 
predicted based on numerical analysis. 
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