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ABSTRACT

This study proposes a method for confirming the seismic integrity based on the strain of piping
systems mainly used in power plants through finite element analysis. The piping system of power
plants plays a vital role in connecting the major components of the system. Under earthquake con-
ditions, strain is accumulated due to cyclic loads, and the critical location of strain accumulation due
to fatigue failure is found to be the pipe elbows. To confirm the system response, it is necessary to
extend the conventional finite element analysis model to the plastic domain and perform seismic
transient analysis. Therefore, in this study, a method was proposed for performing an elasto-plastic
analysis using the finite element analysis model based on the beam element used in the existing de-
sign evaluation. By applying the cross-sectional deformation effect in the elasto-plastic analysis to the
existing beam element, the Fourier expansion number could be used to determine the sectional de-
gree of freedom. Through case studies for various pipes, the feasibility of simulating the accumulated
plastic strain and critical location using the proposed parameter setting was confirmed. Thereafter, the
methodology was verified through application to the surge line geometry of a nuclear power plant.
Consequently, using the proposed method, the finite element model containing the beam element with
a deformable section effect could well simulate the critical location and determine the accumulated
plastic strain value with a difference of 11 % in comparison with the solid element analysis result in
the case study and a difference of 26 % in comparison with the surge line analysis result.
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Fig. 2 Elbow element sectional coordinated system

Table 1 Straight pipe modal analysis result

M[(;_([iz] # Solid Elbow Pipe Mode shape

1 116.82 | 108.29
2 116.82 | 108.29 1" ovalization
7 330.12 | 305.98
8 330.12 | 305.98 None | 2™ ovalization
15 632.16 | 585.84 o

4 ovalization
16 632.16 | 585.84
25| 72364 | 6685 |(1") 6623

1* bending
26 | 72364 | 6685 |(2") 6623
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Fig. 4 JSME experiment configuration

Table 2 Information of benchmark program

Information

SUS304 Stainless steel
Density: 8030 kg/m’
Young’s modulus: 174.4 GPa

Yield stress [MPa]: 268
Second modulus [MPa]: 2600

Circumferential: 48 division (7.5°)
Axial: 30 division (3°)
Thickness: 5 division

List

Material property

Hardening law

Mesh division

3 % Rayleigh damping
(1" mode frequency ~ 20Hz cut-off
frequency)

Damping type

Table 3 Modal analysis result of benchmark model

1** mode JSME benchmark Solid Beam

Frequency [Hz] 5.7 5.6741 | 5.737
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Table 4 Sensitivity analysis cases
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Table 5 Determined optimal parameters

Circum. (div) | Axial (div) | Thickness (div) | p-number

80 30 5 8
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- Solid Beam o
10) 45° Sch 80 | 45 | 17.48 | 9.26 | 30 mm 1 Hz Sine frequency [Hz] [%]
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13) 45° Sch 140 | 45 | 28.58 | 5.66 | 30 mm 1 Hz Sine 3) 90° Sch 80 9.05 9.03 0.22
14) 45° Sch 160 | 45 | 33.32 | 4.86 | 30 mm 1 Hz Sine 4) 90° Sch 100 9.59 9.56 0.25
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Table 8 Information of case study model 6) 90° Sch 140 10.19 10.16 0.28
7) 90° Sch 160 10.40 10.37 0.30
List Information 8) 45° Sch 40 12.95 12.94 0.11
SA 182 TP 316 ( +internal water ) 9) 45° Sch 60 13.92 13.90 0.11
Material property |Density: 8030 kg/m’ ) ¢ - . -
Young’s modulus: 174.7 GPa 10) 45° Sch 80 14.39 14.37 0.12
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Table 10 90° elbow case study result

Accum. plastic strain
Size 300/Sch | R/t [%] Error [%]
Solid Beam
40 15.7 522 5.54 5.79
60 113 5.59 6.01 7.07
80 9.3 5.69 6.18 7.91
100 7.6 5.55 6.11 9.16
120 6.4 5.09 5.69 10.53
140 5.7 4.62 522 11.43
160 49 4.50 5.03 10.50

Table 11 45°

elbow case study result

Accum. plastic strain

Size 300/Sch | R/t [%] Error [%)]
Solid Beam
40 15.7 5.90 6.25 5.61
60 11.3 5.28 5.76 8.36
30 9.3 5.05 5.64 10.48
100 7.6 5.30 5.88 9.78
120 6.4 5.18 5.70 9.22
140 5.7 4.84 5.44 11.11
160 49 445 5.01 11.24

Table 12 Case critical location comparison

Case 90° elbow 45° elbow
Solid | Beam Solid | Beam
Sch 40
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Sch 80 S _
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Table 14 Surgeline elasto-plastic seismic analysis result

. D Solid Beam
Accumulate plastic strain [%] 1.96 2.65
o Y Frequeey g o0 Difference [%] 26.02
T Botom VI Suppent VI op VT Time [s] 4.76 4.77
Fig. 12 Floor response spectrum Maximum equivalent stress [MPa]| 182.82 174.02
Difference [%] 4.81
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OR[N

Beam model (mode#1~4)

Fig. 13 Surgeline mode shape (solid vs. beam model)
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Solid model Beam model

Fig. 14 Maximum accumulated plastic strain plot
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