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Fig. 3 Numerical simulation method of WRS for thick-walled pressure-bearing pipeline
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s

Temperature/'C 20 50 100 150 200 250 300 343 370
E/MPa 209 000 207 500 205 000 202 000 199 000 195 500 191 500 188 060 185 700
/(1076 °C71)* 11.22 11.45 11.79 12.14 12.47 12.78 13.08 13.355 13.528

MW/(m-C™)] 37.7 38.6 39.9 40.5 40.5 40.2 39.5 38.812 38.3
p -C/(107°C™) 3.488 3.591 3.775 3.928 4.087 4.268 4.423 4.576 9 4.679 6

TR M3 A EE S 20 CZ IR A9 FH4{E. Note: *row data is the average value between the specified temperature and 20 “C.
F®2 HREME (E309L 1 ER308L) E A #1442
Tab.2 Basic physical properties of overlay cladding material (E309L and ER308L)

Tem:f;irefc 20 50 100 150 200 250 300 343 370
E/MPa 197 000 195 000 191 500 187 500 184 000 180 000 176 500 172 630 170 400
/(1070 C71)* 16.4 16.54 16.8 17.04 17.2 17.5 17.7 17.872 17.98
MW/(mC™)] 14.7 15.2 15.8 16.7 17.2 18.0 18.6 19.202 19.58
p-c/(10°°C™) 3.603 3.744 3.901 4.103 4.165 4.265 4.296 4.3399 4.362 8

H HATEAE AR B RS 5 20 “CZ A TF-H4{E . Note: *row data is the average value between the specified temperature and 20 “C.
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Tab.3 Basic physical properties of austenitic stainless steel pipeline material(Z2CND18. 12)
L
. 20 50 100 150 200 250 300 343 370
Temperature/ C
E/MPa 197 000 195 000 191 500 187 500 184 000 180 000 176 500 172 630 170 400
/(1078 °C7* 15.54 15.72 16.0 16.3 16.6 16.86 17.1 17.324 17.456
MW/A(mC™)] 14.0 14.4 15.2 15.8 16.6 17.3 17.9 18.502 18.84
p C/(107°°C™) 3.599 3.702 3.907 4.01 4.16 4.261 4.293 43558 43772
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Fig. 6 True plastic strain-true stress data of welded joint materials
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Research on weld residual stress of dissimilar steel weld in thick-wall pressure pipe

of nuclear power plant by the finite element simulation method

CHEN Mingya'? YU Weiwei'> HAN Yaolei'> LIN Lei">? PENG Qunjia'> SHI Fangjie'’
ZHAO Wanxiang'*
(1. Suzhou Nuclear Power Research Institute Co., Ltd., Suzhou 215004, China)
(2. National Nuclear Power Plant Safety and Reliability Engineering Research Center, Suzhou 215004, China)

Abstract: In pressurized-water reactor nuclear power plants, the vessel nozzles of large carbon steel equipment such as
reactor pressure vessel (RPV), steam generator (SG), and main pumps are connected to austenitic steel pipes through dissimilar
metal welds (DMWs). The thick-walled DMW has material inhomogeneity and complex weld residual stress (WRS), which
easily leads to the generation of fatigue or stress corrosion cracks. Firstly, the WRS of DMW in nuclear power plants obtained
through international measurements and numerical analyses was investigated. Then, based on a rapid WRS simulation method
for volume uniform heating of unit cells, the WRS of DMW in the hot leg of the primary loop (the connecting pipe section
from RPV outlet to SG inlet, which is the pipe section with the highest operating parameters in the primary loop pressure
boundary) was obtained. The numerical simulation results are consistent with the trend of the fitting envelope curve
recommended by the United States, and the overall results can be enveloped by the fitting curve recommended by the United
States, indicating that the described rapid WRS simulation method is feasible. The WRS of thick-walled DMW is relatively
high, and the stress values at the inner and outer surfaces of the pipe are more conservative than the recommended values of
the United States, suggesting that more safety margins can be obtained in actual structural analyses.
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