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Fig. 1 3D model of combined long column and

experiment pictures
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FHESF ], TR BRE T AT R TR BE ), FE 45 A A I st o %ok b [P 29 5, A G AR AR 4 B 1 B 22
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B TE P34 & T 25. 4%, AR F AR m N - TR 41 Hz

AR, BN IR S S R 45 12. 7% BERE 20k ScOBEE Zonbife Sob ik

AR A e 40 7 A, A o — TR A A 1A 45 B AR B ! 32 6.8 6.5 4.7
T, A R E T 15. 6%, R T R R A i Z; 161'.80 161"72 18(;.69
B AR AR BB T3 B 1 3%, il s o wme e
T AT A YRR R, i T8 BE R - IR AL A A 5 42.6 44.4 56. 1 31.5
R [G  FTA: RE v Z R RE ARBE, XFBeRAT A 6 4.5 48.0 600 8.7
X6 BRA IR BRI AT A T ) ot o
FE IR A0 - TR A A R 1 25 ARS8 BT 7. 3% , Hofth 3 9 100. 3 119.7 136.7 106. 0
P2 AR AT B9 [ AR X EE R SO SR A ZE AR, 10 104.4 123.1 150.2 157.3
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A: Modal A: Modal A: Modal A: Modal

Total Deformation Total Deformation Total Deformation Total Deformation

Type: Total Deformation Type: Total Deformation Type: Total Deformation Type: Total Deformation

Frequency: 5.160 7 Hz Frequency: 6.788 4 Hz Frequency: 6.514 5 Hz Frequency: 4.661 1 Hz

Unit: mm Unit: mm Unit: mm Unit: mm

2018/5/27 8:49 2018/5/27 8:48 2018/5/28 8:05 2018/5/28 8:07

6.983 0 Max 2.818 4 Max 6.622 3 Max 4.078 6 Max
6.207 1 2.5053 5.886 5 i 6.625 4
54312 2.192 1 5.1507 3.1722
4.6554 1.8790 44149 2.7190
3.879 5 1.565 8 3.6790 2.2659
3.1036 1.2526 29432 1.8127
23277 0.939 5 2207 4 1.359°5
1.5518 0.626 3 14716 0.906 4
0.7759 0.3132 0.735 8 0.4532

0 Min 0 Min 0 Min 0 Min

(a) 25 VAR T REAR Y (b) S0V BT HR 7 (c) 25 LA IR iR 78 (d) SN AR

3 AR RAEIES
Fig. 3 Part of vibration mode graphs
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Tab. 2 Main source frequency of pumped storage power station Hz
- FoRAK mK AEERHIK =K Ei YN B it T
F ek Efig ek R L KA B KA B
U 5.6 6.3 6.8/4.2 8.3 3.6 1.5 5.2
e FRTRAT AN 1.1 12.5 13.5/8.3 16.7 7.1 11.5
FEKE 1.11~1.85  1.25~2.08  1.04/1.04  1.39~2.78 0.71~1.19 1.09~1. 66

Bt i RO 50.0 56.3 58.3 46. 4 52.8
R 5 RO R AR 100. 0 112.5 116.6 92.9 105.5
Skt R R 133.3 162.5 147.9

HRAECK AL Bt ) shoA SRES Y IRAAZ I RLE %) 5 4 M S 15 K A SR T O . R
WA - S5 A8 FLIRR AR I8 R SR 2 22 5 A PRI AY LAV R T 20% ~30% . X HLALLXF 2544 i 10 By A 9k
WA AT IIRACAZ
2.1 mEEHEEEORERTE

2D JTHE FRBRBAZ LR 3

x3 ZLAEERMERZ

Tab. 3  Self vibration frequency checking of square section steel tube column

s kE HILEEL AT B BRI 6 S5 45 ) ) BRATT R S FF I/ % sk HLEL AT A HRIRAA 6 5 5 ) 1 BRAT R S P I/ %
BIRBURHe f, 2, /i 2, 5 FIRBUR/He 2, /i 2, 5
5.2 0.09 54.5 3.18
6.7 83.4
8.2 92.1 14.57
14.8 100. 3 5.21
42.6 104. 4 1. 04

e of, RGN (5. 156 Hz) 5 f, FFEEEUT RO (52. 75 Hz) 3, /KM HBUAR (147. 91 Hz)
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2.2 BERBEZONEKHE

230 R [ IRIIRALAZ L FR 4, 25O BRAEARBY A0 2R 5 £ IR U500 30 (1) B BE B8R, BEAR AR AE SRR 1)
ARETE, 55 3 BAR SHE MU EE T BN T 20%  AEAE LR AT R, &5 5 Fl 6 PR 5564t H %L
SRR AETERE /NT 20% AFFE LR AT REYE . 26 8 Ml 5 56 4 0 i BU0U R B A5 4 A 45 F B /N T 20% , 777
ILPRATREYE, 55 9 FN 10 B e 5 Sk M i BOUR AU A0 B 5 T BE /N T 20% A e R AT REM: . iR 3l Y
BB AR, IR S5 R BN, 7= A IR 1) i B P ORF#AIK
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Tab. 4 Self vibration frequency checking of circular section steel tube column

5B B TR SR IR 12054 [ SRR BT /% o LA BT REAR BT 585 ) 1 R /%
AREE/ B [ 2, h 2, P2 AIREE M o, 2, £
6.5 60.0 12. 15
6.7 76. 4
11.2 2.83 103.2 2.24
24. 4 136.7 8.23
56. 1 5.90 150.2 1.55

T, R EMAR (5. 156 Hz) 5 f) HHENT )T BOBA (52. 75 Hz) of, 9 SR T 8O0 (147. 91 Hz) o

2.3 HEEEEN-BEAGKHE
SE TR ARMRKAZ WA 5, S50 I AR 2 5 S IR IEIT AR R BT BE /N T 20% e SRR Wl gt
53 IR 5 R RS TEEE /N T 20% AAAESRIR T REVE . 5 6 Wi 5 54t it i BOm AR i B T 2
INT 20% AFAESEARATRENE . 515 9 iR 5 L 50 i BOW SR I A A8 T BE /N T 20% , AR AR SRR AT REE
5510 BriR S Sk R BOR R A 05 TF BE /N T 20% A SE IR T e E AR sh Y RE G IR AL S
SREUIN, ™ A R 0 R,
®5 TOAHARMEREZ

Tab.5 Self vibration frequency checking of composite column with square cross section

SO AE LA AT R IR 5 454 1 SRR T I/ 9% Sk WL T AR IR R 5 55 4 [ A R4 B/ %
F iR %/ Ha f 2, fi 2 £ H i35/ Ha f, 2, fi 2f, fr
4.7 10. 62 58.7 10. 21
8.6 73.2
10.9 5.49 81.9
27.9 106. 0 0.48
31.5 157.3 5.98

o f, HEGHATFE (5. 156 Hz) 5 f HFEHEM R BU0A (52. 75 Hz) 3, A FK M 8UWIZR (147. 91 Hz) .

2.4 BERBEN-EAGKHE

SECMEIAE HPRARAAL UL 6, SL0 AR A 2R 5 £ IR USR5 T B2 I 3R BN A A SR 1Y
ATREME, 55 3 BIIUR S5 URCRAE I B TT BE /N T 20%  AE e IR T et 265 5 F 6 B R 5564 ik 4k
SRRV TT /N T 20% , A7 e LR AT REE . 55 8,9 N 10 By Al 5 55 56 i 1 BUN 3 10 3% 431 10 5 F 1 /N T
20% AFPEILIRTTREM: . mR S RE R BAR , IR TS 5 R EUD, P A LR (1918 T R KRG,
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Tab. 6  Self vibration frequency checking of circular cross section composite columns

SE R LT AR S5 5 1 SRR TP/ % Sk HLLLT AR % S5 45 1 SRR TP/ %
FIRBUE/ He f, 2, /i 2 5 FHRBUE/He 2, A 2, 5
6.8 48.0 9.90
6.8 73.8
11.0 4.58 106.7 1.15
43.7 119.7 11. 84
44. 4 18. 87 123.1 14.28

TE o, S EARA (5. 156 Hz) 5 f, HEFEHET - BUBR (52. 75 Hz) o, 9 SR BOUBI2 (147. 91 Hz) ,

2 LTk O RS PRI AR LRI AT REVEROR T BB IR sl A= 4 J PR By Al RER T AR Y 1 RABR S
FdOm ARG LB P AR IR . RS IR UEUA A JLAIR ) T REPE B/, i AR sl AR ) S R e A m] e R A
(4 1 IR S R - RO RSB T BE RN 7 R 3R

3 woAEHERE

3.1 RIEHER

AR T 4 AR, 4350 R BT B8 A AR AT R A 2 A KA SR s &
Kbt , HEKR S8R 7 o,

TR0 T 8948 R R G AN A A BR A wl A S T R A A ORI A4 1 v A 1T R s SR FH A
FEAILEA 7RG A0 BT A 3L 28 v 25 O FR AR XA, 75 WD B AR LA G KA TR EE - R I kTR BE -
SR FH 1) YR = mH s ez Ak 350 %) 5 =X 4 A, B2 TR 2R Al UEA TR Ak 511, TR e o B oy €50, 7R 4K
FEHETG 1 m AR IR JFAEARBE EREDER 1 m BB AR, XA ISl AR 5 1 5EA 280 mm, J3 AR
W T IE R IER, SR RAE , O SRR E A, /N 55 b TR ik 1o 1) 25 B

®7 RIS H

Tab.7 Design parameters of specimens

X4 LN RS o/ mmxb/mmxh/mm 94 BEJEE/mm S/ MPa WS Pt
1 HE 200% 100x4 000 3 205 0235-B =
2 [B7E 140x4 000 3 205 Q335-B &
3 IR 200% 100x4 000 3 205 0435-B w
4 [ 18 140x4 000 3 205 Q136-B =

TE o AR ARSI ;b NI TEIE s b AP E o/ b A e M B

3.2 MIRHmERMEBFR

S A A AL A KA RS Ry X EDE L |
AN T AR R 1 m, 7E R TV 0 1 43 SR D 7 AR
flkes 3t 4 4 PR g — 21 BE B % 280 mm, 4 | S 6
SR FE R T R T, FEFE BRI 1 m A9 s B2 AV fh )
T IE THI AR B A AL A FUN ol B AL JkA% , 2R 5 BB 1 m
A E 1 AR AL B AN A IR A ¥ 3 8
TRIRAS AN 3 AT BEAR IR . 7 B4R 8 [ 2 7R S )
20 b R IR BN S RS AL B Y B AR ST A B S
VEIRE X TR R A A A B R I T T 4
ib, BARAEITILE 4,

P4 IS A

Fig. 4 Measuring points layout
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AR IR B R AR R 10 ~25 Hz, J178 2 300 N (1436 ZE R a4 B 28 SR WL IR A48 T E #2310 R
ek b IRBh A PR [ 8 7R A0 R A% B b, 0 0 A2 SR FH MR 3 o 7 4 17 [T 7 A A A A i 11 4 2R
e A AR ) T g FH A 1 5 AE 28 R L IR Bhm R A5 5 oR AR R G R FH AR AR F 1 DHDAS a8 1(5 %5 R4k
IIMT RS, RAEHIAR 200 Hz, IRSIHFESE 20 Hz,

3.3 LRSS

FRAE 4 HRAT AP 2l 7 X 285 50 (DL 8) K eI R PR Sl b 51 T3 9, A7 F% FLfin ok g msf 2 ity e an &1 5

16 s,
=8 HHMBIRINES 20 H: EHE

Tab. 8 Staggering degree of vibration frequency of structure and 20 Hz %
AR Ao SLOBEE ACOBEE SLoie AR EohHE SLoBEME SOoREE SoTrkE
1 287.54 194. 62 207. 01 329.08 6 63.29 58.33 66. 69 65. 96
2 199.51 192. 41 200. 21 132.85 7 76.03 72.89 73.83 72.67
3 144. 47 81.24 78.22 82.83 8 78.28 81.26 80. 62 75.58
4 35.45 54.24 17.95 28.30 9 80. 06 83.29 85.37 81.13
5 53.06 54.93 64.32 36. 59 10 80. 84 83.75 86. 69 87.29
N i =g =l i % EHEY : . - =
W& 8 P, BT AN A AE A5 4 B [ A 400 % 5 PR R *9 NEHSASHIRDNNLESKE
W 20 Hz [AS TT /N T 20% , FEAEFEIRPTREYE, R 9 Tab.9  Maximum vibration response of steel tube column
AN, 7E 20 Hz SNETEIL TS , iERS R ER A TR K e = JHE and composite column
A N=] Y B AT \ AN ~ -
TV BT B0 — T 25 %) 1 A7 6 R Dm0 B i i Y b BRI, o7 P4 77/ /mm R/ g

BRI TN T 88. 6%, Wk W i BEAE T 80. 6%, A FEIOAE s 10 u 1
Xﬁ?éﬁﬁ%%ﬁ{, &E%_YEZH%HEE/‘J{TL$Z$DﬂHEE M‘»;ﬁ' ﬁi‘ﬁf 0. 189 0.576 0.816 0. 260
] 1 B 3 RRARR , A7 % i) 7 S 2T B AR T 54 2% , T8 J 1] 1y WESLLTEE 0,241 0.262 0.305 0. 144

WA T 5.7%, FRUVN-IRALEAETE 20 Hz JREVFTR T AR Mol 0326 0615 0703  0.297
Shm R /N TS, WESTOEEE 0.211 0.447  0.412 0.281
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;
FiH
(c) 25 Lo PR (RSP 2%
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Fig. 5 Displacement time curves of composite column
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Fig. 6 Acceleration time history curves of composite column
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Analysis of vibration performance of combined long columns
based on characteristic frequencies of hydrogenerator

HU Shaowei', XU Yicheng', ZHANG Run', YU Jiang'’
(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. College of Water Resources and Hydropower
Engineering , Hohai University, Nanjing 210098, China)

Abstract; In order to improve the usability and seismic performance of the structures in hydropower station, taking
the characteristic frequency of the hydrogenerator as the key parameter index, the modal analysis and resonance
check of 4 models including rectangular hollow steel tube long column, circular section hollow steel tube long
column, rectangle section steel composite long column and circular section steel-concrete combined long column are
carried out in this study. The analysis shows that the staggering degree between the frequency of the circular section
steel-concrete combined long column and the source frequency is greater than 20% , which means that the resonance
can be effectively avoided, and this column has remarkable seismic characteristics. On this basis, the tests on the
vibration characteristics of the indoor full-scale model are carried out to analyze and compare the mechanical
indexes such as displacement response and acceleration response. From the research results it is found that the
vibration response degree of the square section column is less than that of the circular section column at the
frequency of the vibration source of 20 Hz. The above analysis results of the vibration characteristics given by this
paper can provide a case history reference and a technical support for the engineering design of the powerhouse

column structures of the hydropower stations.

Key words: characteristic frequency; composite long column; modal analysis; resonance check; tests on

vibration characteristics



