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Abstract: In recent years more and more high-power nuclear power plants were constructed in China to meet the increasing needs of

electricity. The volume of the containments in nuclear power plants increases with the increase of the power level. Therefore access—

ing the ability of steel containment to resist strong earthquakes has attracted more attention recently. So far the most seismic analysis

methods are based on deterministic methods. In fact the parameters in the engineering projects such as geometry material and load

value are usually uncertain. The seismic loads aslo have a complex statistical change which is one of the natural properties of seis—

mic wave. Therefore the traditional deterministic methods are difficult to verify the safety of the structure. In this article the seismic

reliability of the large steel containment was studied. The random seismic response spectrum under different probabilities was estab—

lished according to the stationary stochastic model. The parameters of the stationary stochastic model were obtained from Chinese seis—

mic code. Two methods of seismic reliability analysis were considered. One is under deterministic seismic intensity the other is under

the certainty probabilities. Finally the sensitivity parameters were calculated based on the Monte Carlo method. This article will pro—

vide some references for the seismic reliability design of the steel containment.
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Fig. 2 Finite element model of steel containment vessel
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Fig. 1 Average acceleration response spectrum comparison with response spectrum of different probabilities
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Tab. 3 Additional mass
/m /(kg * m~?)

V 46 ~83 96. 529
V 50 ~53 301. 620

V 40 172. 855

V 43 503. 992

V 42 601. 924
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4 (X ) Fig. 5 The seismic response of the steel containment
Tab. 4 Structural natural frequencies and mode with standard response spectrum
participation coefficient
/Hz /s
1 4.734 0.211 1644.9 1. 000
2 4.735 0.212 -822.55 0. 500
3 5.331 0.188 -10.472 0. 006
4 5.334 0. 187 -1.074 0. 000
5 5.417 0. 185 -9.136 0. 006
6 5.420 0. 184 -2.845 0.002
7 5.433 0. 183 5.283 0. 003
8 5.435 0. 182 -8.076 0. 005 6 P=15%
9 5.675 0. 176 -0.155 0. 000 Fia. 6 Th o { the steel ai X
10 s 677 0.175 4570 0.003 ig. e seismic response of the steel containmen
with the P=15% response spectrum
3.2
o 3~ 17
Mises o
7 P=85%
Fig. 7 The seismic response of the steel containment with
the P=85% response spectrum
3
Fig. 3 The seismic response of the steel containment ° A
with the average response spectrum 50%
50%
o 15%

85%

4 P=50%
Fig. 4 The seismic response of the steel containment with
the P=50% response spectrum o
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5
Tab.5 The comparison of the calculation

P=15% P=85% P =50%

/mm 14.6 18.8 16.5 16.8 16.9

Mises /MPa  62.1 79.8 69.9 71.2 71.6
4
4.1
Mises
(1) PDS
mac p (2)
; (3)
» (4) ,
(5) ; (6)
4.2
8~ 9 o
8

Fig. 8 Probability distribution of the random input parameters
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18 mm

Mises 60 MPa

99. 4%

9
Fig. 9 Standard deviation of state variables and output parameters
99. 7% o
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Tab. 6 The results of the reliability analysis

DMAX/mm 38.3 1.18 17.1
SMAX/MPa 167. 6 0. 005 71.8
WT/10%kg 7.57 7.17 7.39
16
10
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10
Fig. 10 Sensitivity parameter identification chart
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