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Research on Sluice Vibration Response Characteristics of Slabs in Plunge Pool of Guandi Hydropower Station

LIAN Ji jian, PENG Werr xiang, M A Bin
(StateK ey Laboratory of Hydraulic Engineering Simul ation and Saf ety, Tianjin University, Tianjin 300072, China)
Abstract: Based on the prototype observation results of the vibration response of plunge pool slabs in the Guandi hydropower
station, the distribution of vibration strength of slabs had been analyzed under different spillw ay conditions. M eanw hile, the fre
quency domain characteristics of the sluice vibration of slabs were analyzed from the aspect of frequency domain using t he mod
ern spectral analysis method, and the effects of different sluice conditions and flow discharges on the vibration characteristics of
slabs in plunge pool were studied. T he correlation between different measuring points was also analyzed. The results showed
that the most intensive vibration response is located in the forepart (0+ 149 m) of the power consum ption pond under t he corr
ditions of underflow energy dissipation in the Guandi hydropow er station and the vibration response decreases along the way.
The asymmetrical water flow caused different vibration strength distributions in different areas of the slabs. T he slabs in the
plunge pool vibrated random ly forced by the water flow load under the normal operation. The correlation betw een each measur
ing point was remarkable and the dominant frequency was stably distributed between 0 6 and 1. 7 Hz. The scale of vortex was
very large in the plunge pool and thus the vibration of slabs had good similarity and synchronicity. With the increasing of flow
discharge, the vibration strength of the slabs increased as well under the normal operation while the dominant frequency de
creased stably. When the flow discharge was more than 1 500 m’/s, the decreasing rate of dominant frequency tended to be slow
and eventually stayed stable.
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Fig. 1 The principle of vibration test for slabs of flood discharge

and energy dissipation in the plunge pool
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Fig.2 The layout of displacement sensors in the slabs of the

plunge pool in the Guandi Hydropower Station
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Table 1 The typical working conditions of vibration test of the slabs in the plunge pool

T TEAL BT BENG L FOFRA/ m RUERA Y/ m R/ m o R R (m3e s1)
1 APFL(0.3 m)+ A FL(0.3m) 1 252.80 1 211.50 41.30 310
2 ZEHFL0.3 m)+ AFFL(0.3m) 1 298.92 1211.76 87.16 300
3 3%(0.3m) Eil 1317.10 1212.13 104.97 320
4 2 (2m)+ 3 (3 m)+ 4 (2 m) KA 1 328.22 1208.81 119. 41 1028
5 2 (2m)+ 3* (3 m)+ 4 (2 m) KA 1329.18 1 209. 15 120. 03 1227
6 2*(2.5m)+ 3% (3 m)+ 4% (2.5m) KL 1.328.43 1 209. 55 118. 88 1 445
7 2#(3m)+ 3 (3.5m)+ 4% (3m) KA 1 328.48 1209. 13 119. 35 1595
8 2% (3.5m)+ 3% (4m)+ 4 (3.5m) EKAL 1328.16 1210.43 117.73 1 808
9 2¢(5m)+ 3 (5m)+ 4 (5 m) KA 1 328.70 1211.39 117.31 2 731
10 1% (2m)+ 2% (2.5 m)+ 3" (3m)+ 4* (2.5m)+ 5% (2 m)F#fL  1327.77 1 210. 68 117. 09 2014
11 1#(2m)+ 2% (2.5m)+ 3* (3m)+ 4% (2.5m)+ 5% (2 m) KL 1329.69 1211.37 118.32 2 464
12 1% (4m)+ 2" (4m)+ 3* (Sm)+ 4" (4m)+ 5% (4m) &AL 1327.72 1213. 63 114.09 3 420
13 1#(5m)+ 2% (6 m)+ 3% (6.5m)+ 4 (6m)+ 5% (5 m) KA 1.323.49 1212.35 111. 14 3 648
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Fig.3 Variation of vibration strength along the river in the

center line of slabs in the power consum ption pond

H I 3 mT4: 7R 9 St e AL R, AT J7 it o Ze R
T ISAT RAT A 0 s A0 JE AR 5l i S8 V] i S W A 9 B
AP A7 T-WURT 0+ 149 m b1 6 W sUHR BT A% 15 AR I
K,oN 2 478me K50 RIFETR JUF R gtk . 2rdr)a
R LA I 12 2 Wi K T IR 5 T ) TR AR B R A
THE T IURT IS —HE A b A8 T MK HL R Y R 1
BUT A2 T8 70 P AT BOX — X AR B i T & = At K
SAR B o A A R Bk B A 48 R b o, B He R AR Sl o N g A
P, GRS .

4

Fig.4 Variation of vibration strength along the river on both

sides of slabs in the power consumption pond
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Fig. 6 Variation of root mean square of displacements at typical

measuring points with the number of working conditions
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Fig.7 Variation of root mean square of displacements at typical

m easuring points with the number of measuring points
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Fig. 8 Variation of dominant frequency of vibration displacem ent in
the slabs with the number of working condition
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Fig.9 The power spectral density at the 26# measuring point

under the N o. 9 working condition

W w MR 63



F 11 BF o4 H - BACKE 5 AR R 2013 F 5% 14

IRAIE AR (K19 50 45 5 & — b 77 A IE 2 1w 2 A ) B
MU R o X 2 ASAN R EL A0 (8 W) DA BEAT AR 523 #r, oK
B8 TSR E AN F o0 IR M RS DOl i
BRAS R 32 2 T4 50 0 AR 5GP B e T R ARCZE At vl i 4%
ARk S Ar B A IR 77 A= R sl AR P o A sl A O P
R W A 10 e 0 R RO, B WU R 45 44 1K) 58 P g
PR b T AM) P JEE A i 50 PR AR S AR ik % 0ol i B3I 5l £ 4
PRIE M EA IR SE TP . A R HRE 08 LU L AORS Al 10 207
TR AN AR () AR LR L o AESEBRIE A, o A AR AH
KA HOUL R E GV 2 5K R IR SR b3 Y 0 ) B D% R 4L
HHerRIEA

Bwim s ) (rimy")

R(x,y)= - ; (1)
in— x )Zi:Z](yi— v )
Aofea My HWACFRIENAE B (i, 30) (i= 1 2, -oon)

IS B n NI AR 7 0y 250 AN RAE 38 1E
FEARIEA NI, —REARIE! r1 (O E N, KA 5E 4 LR PEAR OE
HIDIFERE 0l 4 A 55 0< I rl< O 3 FIBESAH 25, 0. 3<
Irl< O 5 BHRJEADE 0 5< 1rl< 0 8 FJEAHIE0 8< I rl<
1 BEAH O

10(a) & 10( b) 45 H T ABAR I 5004 T AR OG0 4 B8, e
I HEMKR BN C= 09452, Co= 0.902 7. [ 11(a)-
P LL(d) %8 T oK 5 1) R B 1 /KR 7 1) b s A 5 &R
B R SAARNIER L SR B PIANTT ) L A %
NI PSR

A,

Lek @)
Ax

Li= & (3)

KL, Ly 2300085 7K G J7 0 R B T-7K 07 ) bR R
B SRR A SR A, A BB AL S5 AR ARl
CERTR R,, Ry 205 MR REGERL A v i B
PR = Ry= 1) .

14* .20

The correlation coefficient betw een

10(a) 9
Fig. 10( a)
the 14* and 20" measuring points

under the No. 9 working condition

- 64 W W OH R

10(b) 9 2* (10°
Fig. 10(b) The correlation coefficient between the 2 and 10#

measuring points under the No. 9 working condition
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Fig. 11(a)

m easuring points along the left side of slabs
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T he trend of correlation coefficients between the
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measuring points along the right side of slabs
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Fig. 11(¢) The trend of correlation coefficients between the

measuring points along the center line of slabs
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11( d)
Fig. 11(d)

T he trend of correlation coefficients betw een the

measuring points along the transverse direction of slabs

h ERHE AL, 2= 52 6 my L, A/7= 40 m; L,
Fek= 73 3 m; Lp= 593 m. MK EAHAE PR AL 1AH O P4
Ao v LA TR AR A TR AR DG PR 47, TS BRI AR PR AL
FHAT 251 ELAH DG R B LA B ASAH AR RUIAH SR A K9 2,
HKT0 8, JB TR EAEIG . MRS HH I R v 45 T L
B, K EGE Al e BRI A G ROBERRCR, KT PR T
A RUBE, BT et £ B 30 P A G 1 B 105 A 1) A G R BERRK,
KT PR IIAR G ROBE; A R IR A OGRS S /D, A 06 e %5 .

[RIAE 5 R = AN I00 A, K EI vh h 0 e  Z 00 EAR N
R R A M ZR
5

X BT M 7K R S 7K H B AR PR R4 ) Ji R L R 2y
vk S5 45 AR W, 78 B Ml K L R I e A O T, AL T
J3t A AT BE(HUAT 0+ 149) X — DI AR B 14 5l i 8 852 Ay
JRIZN, 2 e i RE ks o KT LRI 5 1 it e AR B
AR, GIAEE 7il N KRB R BEIR IR E, 1 AR s 2 R
o IEWIEAT N K E I R AOR AR AU 2 A T IR BEAL
SRS, AR BEHL NIRRT 2, HARS IR .
AR WO K AR AR IR 3l ) S DR B B 2%, (B B A 5 Ay
HEARBF I A ARABLAE LA R )20 . oo itk it 7 5K, 97K
IR N TKIHIB, 3900 T L B s A i 305 JEE, $ie v Jee
POz AT 2 A — A T B AL, OB TS0 T K R
A kB Sl R A 1 St UL R, R T K R 3 £ il 2
S I R 2 W O S AL R B it vt B 1 % Anie AT B

(1

[2]

[3]

[5]

[ 6]

[7]

[8]

[9]

(References) :

SRak A . LML R TR M. bt A K RDK A R,
2008. (LIAN Jijian, YANG Min. Hydrodynamics for High Dam
[ M]. Beijing: China Water Pow er Process, 2008. (in Chinese))
MR MR V. KR I SRR BRORR: M 42 71 bR (R ST . KR 27
i, 2003, (8): 610. (YANG Min, CUI Guang tao. Study on
control factors of stability for plunge pool slabs[ J]. Journal of
Hydraulic Engineering, 2003, (8): 6 10. (in Chinese))

Wk, TR KA. WU I A 4 R A e P T HER[ ] . KAF
TR B R (B R B RR), 2010, 11(3): 77 81. (YANG
M in, Dong Tiamr song. Research progress in stability of protec
ting structure in high dam plunge pool[ J]. Journal of Chang
chun Institute of Technology(Natural Sciences Edition), 2010,
11(3): 77-81. (in Chinese))

PR 22 K FL st e FLVE i A B B 2 A A I Ak BT
JK I3 HL, 2010( 11): 48 53. (LEI Zhong jun. Analysis on the
damage causes of the stilling basin for the Ankang H ydropow er
Station and its reinforcement[J]. Water Power, 2010( 11): 48
53. (in Chinese))

A, FAAUR, S0 T ) B RAR M 5 B8 K 3 B R PR S ST
[J]. AR KIT, 2009,40 (17): 5254. ( L1 Jing, JIANG Bo le,
JIN Feng. Experimental research on fluctuating pressure char
acteristics of bottom plate of stilling basin and training wall[ J] .
Y angtze River, 2009, 40( 17): 52 54. (in Chinese))

EARE 0N Dy R R4 Sk 224 e BT ST DL R HE: KR
2%,2007. (WANG Jimin. Study on the Safety of Protective
Structures in Stilling Pool of High Dam[ D]. T ianjin: T ianjin U-
niversity, 2007. (in Chinese))

g P, R KR R AR RRE WE ST ()] TR 2 B B Al
1997, 85 90. (ZHANG Sheng ming, CHEN Jian. Experimental
Research on Stability of Concrete Slabs for Plunge Pools[ J].
Journal of Yangtze River scientific reseatch institute, 1997, 85
90. (in Chinese))

AEA, TRAETT . S ph ok R4 SRR R R LB BB AT (0]
KB 12 o Sk (A ), 1992, 7(2): 212 218 ( CUT Li,
ZHANG Ting fang. The Random Analysis of Apron Slab under
the Percussion Action of Jet Flow[ J]. Journal of Hydr odynam~
ics(A), 1992,7(2):212-218. (in Chinese))

W5k MK HRL il K SR R AR ) g i R P 2 4 R bR
7T D] . Kt KK 2004, (YANG Hong. Study on Dynam-
ic Response Characteristics and Safety Monitoring Indexes of
Apron Slabs in Plunge Pool of Ertan Hydropower Station[ D] .
T ianjin: T ianjin U niversity, 2004. (in Chinese))

(L% 387W)

[18] &AL, 5B, K B st v 2R P A A A S0 TR AT o
[l KA 2242 2005 22 ARAFS 18 SCAR —— 17K BUAL 238 B (1 iR
H9zk[C]. db 5 o B KR 2 45, 2005 5. (PEL Yuar sheng,
ZHANG Jir ping. Discussion of Concepts and Research Methods
on Water Resources Effidently Use[ A]. Annual Conference Pro
ceedings of Chinese H ydraulic Engineering Society in 2005——
T heory and Practice of Water saving Society[ C] . Beijing: Chinese

[19]

H ydraulic Engineering Society, 2005: 5. (in Chinese) )

SRAE T, BRI V. FRIE K5 Jed) B I A Bk 0] . e bk
FK HL 22 BE 23], 2011, (5): 142145, (ZHANG Xiryu,
CHEN Har tao. Current Research Situations of Water Pollr
tant T otal Control in China[ J]. Journal of North China Instr
tute of Water Conservancy and Hydroelectric Power, 2011,

(5): 142-145. (in Chinese) )

W w MR 65



