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Vertical dynamic test research on space damping structure of
double shell nuclear power plant

LIU Wenguang, WANG Yuduan, ZHANG Qiang
(School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)

Abstract; A double shell space damping structure is introduced to reduce the vertical accelerations of the containment
in the nuclear power plant. Based on the mechanical characteristics of the structure, a simplified three particle and
three degree of freedom dynamic model is established, the structural response transfer functions are further given
and the parameter analysis was conducted. The influence rules of the structural mass ratios, damping ratios and
frequency ratios on the vertical response of the structure are clarified. The scale shaking table dynamic test of the
double shell space damping structure is completed. The test results show that the double shell space damping
structure can reduce the vertical accelerations of the inner containment, and the damping ratios are 12.23% ~
27.84%. The theoretical calculation results are in good agreement with the experimental results. The double shell
space damping structure can effectively reduce the vertical acceleration response of the containment in the nuclear
power plant.
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Fig. 1 Space damping structure of double shell nuclear power plant



160 ok TR 5 TR kg 5 44 %

! J ) i
7% B RS

o ()

=
UJ:ZE kl’ ot Cp
EEEEEE
T B WLRSHRE
(a) BFEHBE 2 RIS R R (b) RGN 2 L O T R

B2 WEEIZE] =EEESENELRE

Fig.2  Simplified model of space damping structure of double shell nuclear power plant
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Fig.3 Influence of vertical acceleration amplification coefficient of inner shell structure under different seismic excitation ratio A

2.7 ) 2.8
= = 2.6
=S 2.6 =
W W
) S 24
ey %
B 2 2
i o 22
% A '
= 24 —h=1% === h=3% 5 1) \ (70.01 ----{=0.05
......... h|:5% _._..h1:7% . _........Cd:().l() _._..Cd:()vls
23 =--h=9% — — h=10% 1.8 —-- -CdIO.ZO - - Cd=0.25
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Q Q,
(a) AFEZKFH TR A, 195200 (b) ARIRIZKFFLE HL 52

B4 TEIEL Q, TR 55 %m0 E E R K REE#20m

Fig.4 Influence of vertical acceleration amplification coefficient of inner shell structure under different frequency ratio 2,
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Fig.7 Shaking table test model and arrangement of measure points

B |1 10

|=
110
e
[T
460
900
|
]
=
300
725
T
/]
= ||
300
725
T
=y

488
A A )
TUF_T H 7 o = N (B =7 51
°V\]IE€% 5 kO = La (. =
T el ] = B | e iz -—
L_ 3 i i 68 s34 I
== — = = -
460 & 777 7. 4{6/6 77 /,('I" 77 77 7777, 77 /4{6/0/ 77 //& 77 v
| } 900 i | ]—Y [ 900 | ‘_Y | 900 |
1B AA BB A mm
(a) A (b)

B8 RIEERTE
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Table 3 Vertical acceleration response of different structures under different working conditions
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Fig. 10 Amplification coefficients of vertical acceleration response of inner frame under seismic waves input
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Fig. 11  Time history curves of vertical acceleration of the top layer of the structure under 0.3 g seismic waves input
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Table 4 Results of comparison between theoretical and experimental value of vertical acceleration response of structures

R4t/ g R2E/ % 2 MR S/ g R22/ %
MR WA/ g
a9, aro h/H=0.2 h/H=1.0 g, ao h/H=0.2 h/H=1.0
Newl 0.1 0.22 0.23 3.02 2.12 0.23 0.23 4.28 2.10
0.2 0.43 0.45 1.85 9.22 0.48 0.50 9.99 0.06
0.3 0.78 0.80 13.00 8.76 0.64 0.67 12.59 5.01
0.4 0.92 0.94 12.89 13.54 0.98 1.01 13.53 9.63
Taft 0.1 0.35 0.35 11.69 5.77 0.29 0.30 14.03 2.86
0.2 0.69 0.70 13.20 11.62 0.62 0.64 14.10 10.12
0.3 1.33 1.35 12.72 10.60 0.85 0.89 13.24 5.76

0.4 1.76 1.82 12.52 4.62 1.36 1.39 11.03 14.86
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