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Abstract: The main functions of containment structures are equipment support and internal and external
protection. As the final safety barrier of a nuclear power plant, the containment structure must meet high
reliability requirements, and its structural integrity must be maintained throughout the life cycle of the
plant. In order to verify the structural performance of the containment, a CTT test is required, which is
characterized by high risk and long duration. Considering the practical needs of nuclear power plants, it
is expected that the efficiency of safety assessment can be further improved by enhancing the pressuriza-
tion and depressurization rates of the containment during the CTT test. Using the ANSYS finite element
software, a numerical simulation was conducted with the M310 containment as the research object. Two
sets of numerical models were established to compare the expected pressurization rate (pressurization at
80 kPa/h and depressurization at 40 kPa/h) and the actual pressurization rate of the M310 containment
(pressurization at 40 kPa/h and depressurization at 14 kPa/h) , to investigate the effects of rate inchease

on the structural performance of the containment. The results showed that after increasing the pressuriza-
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tion and depressurization rates, there was no significant difference in the pressure and gas velocity distri-

bution inside the containment shell; the gas temperature exhibited similar trends during both heating and

cooling, with a relatively small temperature difference between the two processes; there were no signifi-

cant changes in concrete temperature or structural deformation. The simulation analysis verified that the

structural performance of the containment shell remained within the safe range under the increased rate

and met the operational requirements.
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Fig.1 CTT test curve for the M310 stack—type containment
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Fig.2 Model and meshing of the M310 containment structure
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Fig.4 M310 containment high-speed pressurization curve
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Fig.5 M310 containment low=speed pressurization curve
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Fig. 6 Pressure measured values and design values comparison during

high-speed pressurization
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Table 2 Measured and design values of high—speed
pressurization pressure

A 8] /s SR S1/kPa BT 1/kPa R %
0 0 0 0.00
5700 101.642 105 3.20
11925 104.499 105 0.00
33300 412.389 420 1.81
42300 418.746 420 0.30
52000 418.755 420 0.30
70800 214.695 210 -2.24
92100 0.313 0 0.00
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Fig.7 Pressure measured values v.s. design values comparison during

low=speed pressurization
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Table 3 Measured and design values of low—speed
pressurization pressure

I 8] /s S R 7 /kPa BT F1/kPa R 25 %
0 0 0 0.00
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23850 104.506 105 0.47
52200 417.081 420 0.69
69900 418.755 420 0.30
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178200 0.3316 0 0.00
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Fig. 9 Fluid velocity distribution inside the M310 containment
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Fig. 10  Fluid temperature distribution inside the M310 containment
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Table 4 Average deformations of the M310 cylinder body

N AT F 28T fmm
FIE &R

o AR FR i /m

4.2 bar.g 4.2 bar.g

0 bar.g 1.05 bar. 0 bar.
ar.g ar.g (GeJE) () ar.g
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i
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EERS

10 0 1.10 4.06 4.06 0
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TR
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Fig. 14 Deformation curves of the cylinder body during high—and

low=speed pressurization
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