
 
Risk Evaluation Method for Faults Displacement by Engineering Approach 

4 The Analysis Evaluation of Equipment and Piping System 

 
   Kunihiko SATO  

  Yutaka SUZUKI   
  Satoshi SHINMA  
  Ryusuke HARAGUCHI  
  Masanobu KAMIYA  
  Tsutomu OGAWA  

 Koichi KAMIYA  
 

 
The structural integrity of equipment and piping systems to a fault displacement depends on the damage 
state of a reactor building. When there is no damage in a reactor building, the supporting function of 
equipment and piping systems is maintained. In this case, FEM analysis can estimate the allowable state 
of the entire system of the important safety equipment. In this part, an example of the analysis evaluation 
for the equipment and piping systems, which are important for safety, in the case of loading a fault 
displacement and the influence on reactor cooling system are discussed. An evaluation by superposition to 
a fault displacement and an earthquake is not discussed in this report. 
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Analysis condition of equipment

Slope Base mat, Floor, Wall  

Distortion Base mat, Floor, Wall

Strain Base mat, Floor, Wall  

Response analysisEvaluation of fault displacement  

Fig.1 Response analysis condition of equipment and piping systems [11] 

 Evaluation in consideration of displacement between buildings

Fig.2 Consideration matter in evaluation of equipment and piping systems [11] 
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Fault 
displacement 

Pump Piping Control Rod

Slope Displacement Slope 

50cm 12/1000 
0.67°  

X -136.6 mm 
Y 6.8 mm 

Z -212.9 mm 

8/1000 
0.44°  

 
 
 
 
 
 
 

 

 

 

6.1

5

2
 

4°
10 / 145

 [3]  

Fault 
displacement

cm  
Slope

Thrust 
load 

Allowable 
load 

Radial 
load 

Allowable 
load 

Evaluation

 0° 12,000 355,000 4,452 16,200 OK 

50 0.67° 12,058 355,000 4,452 16,200 OK 

Fig.4 Equipment layout  (Section A – A) [11] 

Fig.3 FEM analysis result of reactor building [11] 
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Table 2 Bearing load by slope N [11]

Fig.5 Evaluation of pump [11] 

Table 1 Analysis condition for evaluation of equipment [11]
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Table 3 Specification of piping system (SS) [11] 

Sch. Thickness 
(mm) 

Temp. 
( ) 

Pressure 
(MPa) 

14B 11.1 150 2.7 
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  PIPE288  
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Fig.7 Elasto-plastic analysis model of piping [11] 
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Fig.8 Material property [11] 

Deformation

Fig.9 Result of elasto-plastic analysis : Deformation [11] 
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Fig.6 Plant layout and crossover piping [11] 
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Fig.10 Result of elasto-plastic analysis : Strain [11] 
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Strain
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2.0%

Fig.12 Insertion route of control rod

Fig.12 Bending of fuel assembly by slope of RV [11] 

Fig.11 Insertion route of control rod [11] 

9 7
Fig.13 Delay ratio for insertion vs. deformation of RCC [9] 
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Fig.14 Outline of reactor cooling system [11] 
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