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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 austenitic stainless 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 
results of has been reproduced with sufficient accuracy for the strain range used as the intensity 
evaluation index of austenitic stainless steel piping. For the model 1 composed of an elbow, the maximum 
strain estimated by elasto-plastic analysis using the elasto-plastic characteristics of stainless steel material 
determined as proposed by the draft code case of JSME agreed well, but on the safe side, with the 
experiment. However, this is not the case for the model 2 composed of a tee: the maximum strain 
estimated using the same elasto-plastic characteristics was underestimated compared with the experiment. 
A possible cause of the underestimate that occurred in the model 2 is, according to the shape data of the 
tee, that the wall thickness of the tee is so large that its connection with the main and branch pipes has a 
large, step-like change in thickness, as opposed to the model that was designed without referencing the 
shape data. Although there is the subject of modeling of a tee, the elasto-plastic behavior of stainless steel 
piping can be grasped. 
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 austenitic stainless steel piping 
analytically. 
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Fig.1 Piping model 1 for piping test 

 Fig.2 Piping model 2 for piping test 

Fig.3 Seismic wave for model 1 

Fig.4 Seismic wave for model 2 

Table 1 Specification of model 1 
  Elbow Straight pipe 
Type SUS304TP (Austenitic stainless steel) 
Size 150A sch5S 
Temperature 20
Internal Pressure None 
Density  7.98g/cm3

Table 2 Specification of model 2 
Tee Main straight pipe Branch straight pipe 

Type SUS304TP (Austenitic stainless steel) 
Size 150A sch10S 

165.2 mm, 3.4 mm 
150A sch20S 
165.2 mm, 5.0 mm 

150A sch10S 
165.2 mm, 3.4 mm 

Temperature 20
Internal Pressure 22 kPa 
Density 7.93g/cm3 
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Fig.6 Analysis model for piping model 1 

Step 1 

Step 2 

Step 3 

Fig.5 Evaluation flow 

Seismic response evaluation 

Structural strength evaluation 

Fatigue life evaluation evaluation 



Fig.7 Analysis model for piping model 2 
Table 3 Eigen value comparison of test and analysis 

 1st eigen value 
model 1 model 2 

Analysis 5.9 6.8 
Test 5.8 8.1 

Table 4 Eigen value comparison of test and analysis 
 1st eigen value 

model 2 
Analysis 8.0 
Test 8.1 
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Case-1 JSME 2

Case-2
1.2

1/100 2
Case-3 Case-2 1/70
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Table 5 Material properties and hardening rule of 
elasto-plastic analyses 

Case-1 Case-2 Case-3 
Elasto-plastic property Bi-linear 
Hardening rule Kinematic hardening rule 
Young’s modulus 195000 MPa 195000 MPa 195000 MPa 
Second Gradient 2922 MPa  1950 MPa 

(1/100 of 
young’s 
modulus) 

2786 MPa 
(1/70 of young’s 
modulus) 

Yield point 252 MPa  246 MPa 
(1.2Sy)  

246 MPa 
(1.2Sy) 

Poisson ratio 0.3 0.3 0.3 

Fig.8 Material characteristics in every case 
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Fig.9 Equivalent plastic strain in every case 

        Case-1 
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Fig.10 Comparison test result and analyses results 

Table 6 Maximum strain in every case 
 Test Case-1 Case-2 Case-3 
Maximum strain 0.459 0.543 0.541 0.539 
Time(sec) 27.020 26.932 26.932 26.932 
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Table 7 Material properties and hardening rule of 
elasto-plastic analyses

Fig.12 Material characteristics in every case 

Fig.11 Material characteristics in every case 
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Fig.12 Equivalent plastic strain in every case 

 Case-4 Case-5 
Elasto-plastic property Bilinear 
Hardening rule Kinematic hardening rule 
Young’s modulus 195000 MPa 195000 MPa 
Second Gradient 2922 MPa  1950 MPa (1/100 of 

young’s modulus) 
Yield point 252 MPa  246 MPa(1.2Sy)  
Poisson ratio 0.3 0.3 

Test

        Case-4 
        Case-5 

Case-4 Case-5 

Test 



Fig.13 Comparison test result and analyses result 

Table 8 Maximum strain in every case 
Maximum strain Test Case-4 Case-5 

Circumferential 
direction 

0.285% 0.208% 0.205% 

Time (sec) 21.464 24.480 24.480 
Axial direction 0.168% 0.087% 0.087% 
Time (sec) 21.728 13.852 13.852 
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