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Relational grade analysis for influencing factors and the natural vibration frequency of hydropower house
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Abstract: N atural vibration frequency is related to the safety of hydropower stations under dynamic loads. It is significant to pre
dict and control the frequency during the design phase. We performed modal analysis on the hydropower house using the AN-
SYS finite element softw are. Thus, we obtained the natural vibration frequency of the structure under the different material pa
rameters ( elasticity modulus and bulk density) of the first and second stage concrete and the foundation. We estimated the cor
relation betw een the structures natural vibration frequency and the main material parameters using the systematical analysis
method based on grey relational grade. T he following conclusions were reached. When only the elasticity modulus was consid
ered, the elasticity modulus of the foundation had the largest influence on the natural vibration frequency, followed by the first
stage concrete and the second stage concrete of the hydropow er house. When only the concrete bulk density was considered, the
influence of the second stage concrete bulk density was slightly larger than that of the first stage concrete. W hen both elasticity
modulus and concrete bulk density were considered, the concrete bulk density had a greater influence than elasticity modulus on
the natural vibration frequency of the hydropow er station, and their correlations with the natural vibration frequency show ed lit
tle difference. The research results can provide reference for controlling the natural vibration frequency of similar structures.
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Fig. 1 Whole finite element model
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Tab. 1 Elastic modulus values of concrete and foundation under different schem es x 1.5GPa
E S A B4 CH

YIS Al A2 A3 A4 A5 A6 A7 Bl B B> B4 B5 B6 ClI C2 C3 C4 C5 C6

— g R 175 22.0 25.5 28.0 30.0 31.5 32.5 30.0 30.0 30.0 30.0 30.0 30.0 17.5 22.0 25.5 28.0 30.0 31.5

TR 17.5 22.0 25.5 28.0 30.0 31.5 32.5 30.0 30.0 30.0 30.0 30.0 30.0 22.0 25.5 28.0 30.0 31.5 32.5

b A5 A 8.0 80 80 80 80 80 80 7.4 86 9.0 9.4 10.0 11.0 8.0 80 80 80 80 80
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Fig.2 Each vibration frequency of A1~ A7 schem
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Tab.2 Degree of correlation between elastic modulus and top 20 vibration frequencies

% 1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20

— R
. 1LY

Ha A

0.5171 0.4872 0. 4309 0.4827 0.4836 0.4818 0.5007 0.4756 0.4851 0.4838 0. 4856 0.4842 0.4929 0.4822 0.4761 0.4925 0.4722 0.4842 0. 4860 0.4 848

0.4825 0.4543 0. 4457 0.4489 0.4464 0.4486 0.4653 0.4411 0.4492 0.4463 0. 4491 0.4463 0.4637 0.4467 0.4367 0.4546 0.4390 0.4429 0. 4434 0. 4485

0.6609 0.6534 0. 5956 0.5964 0.6715 0.6582 0.6707 0.7937 0.7957 0.5988 0. 6551 0.6004 0.6874 0.5816 0.6781 0.6996 0.7285 0.6136 0. 6273 0. 5926

B3 BE AT RIRNF R0 B
SRFE— ) — R4 K R TR E 4R
AR PIFENR , AR 9 SEBR AR wp 1) B Y, iR
AFEH23.0 KN/ m' AL ZE 26,0 kN/m’, EELL K
RN 3. HAr, D 4 A7 R 5 HAR L —

3.2

B E Lo A EE o TR A E T 3 IR
SN, AR SCIDE 2 A b L G 5OH e 1) T, A R
BEAEAFEBASABNEOE &7 Eh—
W, VR et A B U 28 GPa, YA LEUN
0. 167; s IESR R BN 8 GPa, VA LLEUA 0. 25,

3
Tab.3 Bulk density values of concrete and foundation under different schemes ( kN/m?)
k3 D E 4
VES D1 D2 D3 D4 D5 El E2 E3 E4 E5 E6
—HRE LA E 23.0 24.0 24.5 25.0 26.0 24.5 24.0 25.5 25.0 26.0 24.5
ZHNR A E 23.0 24.0 24.5 25.0 26.0 23.5 25.5 24.5 23.5 25.0 25.0
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Fig.3 Each vibration frequency of D1~ D5 scheme
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Tab.4 Degree of correlation between concrete density and top 20 vibration frequen cies

187¢ 1 2 3 4 5 6 7 8 9 10
—WI%E  0.5123  0.5143  0.5068  0.5101  0.5118  0.5076  0.5100 0.5093  0.508 6 0.5104
TWIAE S 0.5509  0.5541  0.5490  0.5533  0.5469  0.5457  0.5437 0.5416  0.538 8 0.545 1

[187¢ 11 12 13 14 15 16 17 18 19 20
—WI%E  0.5080 0.5091  0.5081  0.5124  0.5118  0.5104 0.5077 0.5115  0.5102 0.500 4
“HWIAE 0.5364  0.5411  0.5367  0.5513  0.5490  0.5533  0.5355 0.5485  0.544 5 0.5280
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Tab.5 Elastic modulus and density values of concrete under different schem es
TR Fa
Yo F1 F2 F3 F4 F6 F7 F8 F9 F10 FI1 F12
TREE LI x 1. 5GPa) 25.5 28.0  30.0 22.0 17.5 28.0  31.5 25.5 30,0 R.5 28.0 22.0

AT/ (KN m?) 250 23.0 245 230 250

25.5 26.0 24.5 24.0 2.5 23.5 24.5

6 20
Tab. 6 Degree of correlation between elastic modulus or density of concrete and top 20 vibration frequencies

1RV 1 2 3 4 5 6 7 8 9 10
TR LB 0.6033  0.6029  0.5737  0.5701  0.5782  0.5812  0.6309 0.6314 0.6104  0.602 4
REE L AR 0.6493  0.6436  0.5606  0.5816  0.6260  0.6166  0.6949  0.6885 0.7002  0.574 1

Ffr 11 12 13 14 15 16 17 18 19 20
TR LB A 0.6016 0.6018 0.6110 0.6143  0.6299  0.5704  0.6393  0.6080  0.598 4  0.607 3
REE L AR 0.6125 0.5739  0.6832  0.5707  0.6050  0.7375  0.6483  0.5739  0.5844  0.576 9
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Fig.4 Correlation average between each factor and

top 20 vibration frequencies
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