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Field tests and safety evaluation of radial gate vibration under small opening condition in
the Middle Route of South- to North Water Diversion Project
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2. China I nstitute of Water Resources & Hydropower Research, Beijing 100038, China)
Abstract: In winter, the controlling gates of the M iddle Route of Soutlr to North Water Diversion Project are operated under
small opening condition. The submerged hydraulic jum p is accompanied by severe turbulence behind the sluice gates. To evaluate
the safety of gate operation under small opening condition, we conducted field tests on the Puyang River Gates and measured the
parameters of gate vibration under the conditions of different gate openings. The test results indicated that the maximum dy
namic stress of the gates is 1 33 MPa, smaller than 20% of the allow able stress, i. e. about 32 M Pa. The maximum vibration dis
placement 15 97 Bm is less than the upper limit displacement 50 8 Hm, below which the hazard of gate vibration can be neglt
gible. The relation between amplitude A and frequency f follows lgA< (3. 14— 1. 16 lgf’) . T he evaluation results of the above 3
kinds of criteria are consistent; therefore, the hazard of gate vibration induced by submerged hydraulic jump is negligible, and the
gate structure is safe and stable when the sluice gates are operated in small opening condition.
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Fig. 1 Flow pattern down the Puyang River sluice gate in winter
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Tab.1 Measuring content, instruments, and positions for

the gate vibration field test
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Fig.2 Layout of the measuring points
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Fig.3 Sketch of the data acquisition system for gate vibration
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Fig.4 Photos of field installation of instruments (upper arm)
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Tab.2 Gate vibration standard for Arkansas Riverin U.S.
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Tab.3 Test cases for the gate vibration

TH FE/m WEAKE/ m G KE m

W (m s )

15 0. 199 4.284 2.334 6. 364
25 0. 398 4.284 2.344 12. 696
35 0. 606 4.264 2.334 19. 565
45 0.799 4.244 2.344 25. 940
55 1. 000 4.224 2.324 32. 868
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Fig. 6 Gate vibration displacem ent
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Tab.4 Relation between transverse amplitude A and frequency f
- I 15} I3
A/lm f1Hz R(1) A/Mm fIHz K(1) A/Mm f/Hz A (1)

1% 7.61 2.87 0.88< 2.61 6.55 2.87 0. 82< 2.61 6.26 0. 67 0.80< 3.34
25 6.72 2.99 0.83< 2.59 5.91 2.99 0.77< 2.59 5.34 0.73 0.73< 3.30
35 9.30 0.73 0.97< 3.30 8.31 0.73 0.92< 3.30 6.73 0.73 0.83< 3.30
45 13.51 0.67 1.13< 3.34 12.27 0. 67 1.09< 3.34 9.09 0.79 0.96< 3.26
5%5 15.97 0.79 1.20< 3.26 14.73 0.79 1.17< 3.26 10. 44 0.85 1.02< 3.22
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Fig. 7 Response characteristic of lateral displacement at gate opening of 1. 0 m
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