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This report proposes an elasto-plastic analysis method to be used for practical aseismic designing of 
nuclear piping system made of carbon steel. This elasto-plastic analysis method is based on the 
elasto-plastic analysis method which has been decided by JSME. By using this analysis method, the test 
result has been reproduced with sufficient accuracy for the strain range used as the intensity evaluation 
index of carbon steel piping. Furthermore, fatigue life has also been reproduced with sufficient accuracy 
by using the curve of fatigue of carbon steel piping upon which it decided in a cooperative study among 
electric power companies and manufacturers in Japan.  
It seems that this analysis technology is applicable also to the preservation after an earthquake since this 
elasto-plastic analysis method can grasp the elasto-plastic behavior of carbon steel piping analytically. 
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Table 1 Analysis condition 

Type Carbon steel pipes for high temperature 
service (STPT370) 

Outside diameter 114.3 mm (100A) 
Thickness 8.6 mm (sch80) 
Temperature 25  
Internal pressure 10 MPa 
Density 1.04E+4 kg/m3 
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Table 2 Eigen value
 Eigen value (Hz) 
Experiment 2.74 
Analysis 2.72 
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5 3
1/100 2

JSME

 

Fig.1 3-D piping model for piping system test   
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Fig.2 Seismic wave 1850Gal 

Step 1 

Step 2 

Step 3 

Fig.3 Evaluation flow 

Seismic response evaluation 

Structural strength evaluation 

Fatigue life evaluation evaluation 

Fig.4 Beam element model 

(Red: Pipe, Green: Frame, Blue: Support and anchor) 
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Fig.5 Stress-strain diagram 

Table 3 Material property 
Elasto-plastic property Bi-linear 

Hardening rule Kinematic hardening rule 

Young’s modulus 202000 MPa 

Second Gradient 2020 MPa (1/100 of young’s modulus) 

Yield point 258 MPa (1.2Sy) 

Poisson ratio 0.3 
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Fig.6 Elbow1 open-close displacement 
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Fig.7 Elbow1 shell element model 
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Fig.8 Elbow1 outer face 
equivalent plastic strain 

Fig.9 Elbow1 inner face 
equivalent plastic strain 



 

 
 
 
 
 
 

Fig.10 Maximum equivalent plastic strain point (Inner face) 

Fig.11 Maximum equivalent plastic strain point (Inner face)
(Section A-A) 

Fig.12 Strain history 
 (Maximum equivalent plastic strain point) 

7.1
12

13
 

Fig13 Strain range 
(Maximum equivalent plastic strain point) 
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Fig.14 Fatigue life curve 
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