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Fig. 1 Typical Piano Key weir structure view
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Tab. 1 Structural parameters of five Piano Key weirs and hydraulic parameters when low head behavior occurs

CHk Wim B/m P/m Tym ok kA0 RAARAKIAT KI5
[21] 0.600 0.630 0.525 0.020 K H/P=0.11 ~0.12, H/T=2.89 ~ 3.15
[18] 0.933 0.489 0.197 0.013 s H/P=0.10 ~ 0.11, H/T=1.52 ~ 1.67
[13] 0.169 0.412 0.155 0.002 i
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Tab. 2 Structural parameters of sixteen Piano Key weirs selected from the existing papers
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4.15 1.2 1 1 o) [13] 8.96 2.66 1.2 1 ©)
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Fig. 4 Comparison between the calculation results of the coefficient and the experimental data
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Fig. 5 Piano Key weir test model layout (unit: m)
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Fig. 7 Comparison between calculation results of coefficient
and experimental data
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Calculation analysis on the discharge capacity of Piano Key weir and

relative influencing factors

LI Yanfu, HAN Changhai, LI Zixiang, HAN Kang, YU Kaiwen

(State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing
210029, China)

Abstract: In recent years, the problem of insufficient discharge capacity of the existing hydraulic projects has become
more and more serious due to the frequent occurrence of extreme floods. The Piano Key weir has a high-efficiency
discharge capacity when the water head on the weir is properly low. The calculation analysis of its discharge capacity
has great practical value. The discharge capacity is related to the main structural parameters of the Piano Key weir and
the water head on the weir. In this study, the influencing structural parameters of discharge capacity of the Piano Key
weir was summarized, and the optimal values were suggested. Different overflow patterns formed on the Piano Key
weir under different hydraulic conditions. Low water head behavior happened when the water head flowing on the
Piano Key weir was low. Based on the existing experimental data, the hydraulic condition and structural parameters
when low water head behavior happened were statistically analyzed. A comparative analysis on the existing discharge
capacity estimation formulas of the Piano Key weir was performed. Then, based on the existing experimental data, a
new discharge coefficient formula including L, W, B, P, Wi/W, and B,/B; was proposed using the least squares method
and genetic algorithm, and the predicted results were in good agreement with the experimental data of a large number of
different Piano Key weirs with the average error less than 6%. Among the estimation formulas, Machiels’ formula is
suitable for the detailed analysis of the discharge of the Piano Key weir. The new formula in this study and Guo Xinlei’s
formula are both simple in calculation and can be used to estimate the overall discharge capacity of the Piano Key weir,

and the suitable formula can be selected according to the practical requirement.

Key words: large flood; sluice structure; Piano Key weir; discharge capacity; discharge coefficient
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