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An Experimental Study for the Hydraulic Characteristics of
Vertical lift Gates with Sediment Transport
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ABSTRACT: In order to analyze hydraulic characteristics of discharge coefficient, hydraulic jump height, and hydraulic jump
length, accompanied sediment transport, in the under-flow type vertical lift gate, the hydraulic model experiment and
dimensional analysis were performed. The correlations between Froude number and hydraulic characteristics were
schematized according to the presence and absence of sediment transport; the correlation of hydraulic characteristics and
non-dimensional parameters was analyzed and multiple regression formulae were developed. In the hydraulic characteristics
accompanied the sediment transport, by identifying the aspect different from the case that the sediment transport is absent,
we verified that it is necessary to introduce variables that can express the characteristics of sediment transport. The multiple
regression equations were suggested and each determination coefficient appeared high as 0.749 for discharge coefficient,
0.896 for hydraulic jump height, and 0.955 for hydraulic jump length. In order to evaluate the applicability of the developed
hydraulic characteristic equations, 95% prediction interval analysis was conducted on the measured and the calculated by
regression equations, and it was determined that NSE (Nash-Sutcliffe Efficiency), RMSE (root mean square), and MAPE (mean
absolute percentage error) are appropriate, for the accuracy analysis related to the prediction on hydraulic characteristics of
discharge coefficient, hydraulic jump height and length.
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Fig. 1. Photo of sluice gate installed in the channel.
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Fig. 2. Configuration of experimental system.
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Table 1. Experimental conditions
Experimental Discharge Gate openness Sediment Channel Manning’s Channel width
stage (m¥s) height (m) height (m) slope roughness (m)
| -
0.013 0.030
0.014 0.040 0.030 0.0013 0.010 0.040
I 0.016 0.050 0.040
0.050
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Fig. 3. Sluice gate installation and the corresponding scheme of measuring points (1st and 2nd experiment).

ﬁ (y]a Yes Y17 Ves V3 dy hda Qa I/y P, Lss QS’ Lj) = 0
(Eq.2)

S50nYe Vi=Ye, y3. dy ha, O, V, p, Ly, Os, b)) =0
(Eq. 3)

o714 fi= 7| ZolH, Co= FgAIS, Lis 49
=oF o] (m), hye= = °¢ o] (m)o]ch

Eq. 1 - 30]A a4l TEAAFTH ),
FE5 A (vo), A8k A2y 1Y), A E (d), E
A E 129 (hy), 7 (Q)S A7 star, Ak, 2oz}

I} A 2 2E 2 gtal= ohr oA (v3), 745
(V)ZH-fA1 Q) B (p) & WHE R A3t 254
© g §ar a4 Aak=Eq. 4 - 63 Tk

Eq. 4= A1) FAb W] tigt 4] 0 2 315

o] x4l of] gk = A A #ﬁ”ﬂl i/ys), =HH
A (ydys), T AR 55 AR v
(Y1-yo)ly3), 7N (dlys), BIA & olH] (hdlys),
FE A7) B ((QA(ys)*V)Ol AL HFE 44to]

2 A2 Wk drgst EAE o)A N
(Ly/ys)2t B4 & o] 5] (Q/(ys'p)olth Eq. 5= 4
ok ZlojH|, Eq. 6> 2 o zo|u] o] Fabel W
o] it 4] 0 2 [EFAGA 3} 55t

:L
e
rE u

gy et d T Q% S By
R T A y’p Y3
(Eq.5)
oL ¥ vv dh @ L @& M o
3 y3,y37 Yy 7y3,y37y32><Vvy37y33p,y3
(Eq. 6)

4, AT} U HAM

41 $2EY 24

Fig. 4= E|XE 9] 24 %37} 32| Froude 4=¢f w2
FgAE Uehdich 4 & 2] 9] fefAla2
A= 043004 0.56 0 2 A =3H=2Q Z71HE e
L Qlek Bh e 2/ $0] {ef A= 0.400]41 0.56 &
2 EHE 2o §l& H9-Hr} fhadh= 2 O 2 e}
WLk o] 1 ARl EHE EAPL SRR olF el
2 70 ol A o] BALY) o] 53t 550 &



250 S.J. Choi et al. / Ecology and Resilient Infrastructure (2018) 5(4): 246-256

s < Without sediment spread
g 0.550 X With sediment spread X § y %
E % <& g o
g 0.500 % <$;<
H ¢ X
= 0.450 X
F i
2
& 0.400 X

0.350

0.300 -

0.0 1.000 2.000 3.000 4.000

Froude number

Fig. 4. Variation of discharge coefficient against Froude
number.
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Fig. 5. Variation of sediment transport weight ratio
(Qs/ (y5°p)) against Froude number.
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Table 2. Multiple regression analysis results
. 2 Adjusted Std. Error of Durbin-
Equation no. R R2 the estimate Watson NSE RMSE MAPE
G 0.771 0.749 0.053 1.578 0.774 0.034 8.416
h; 0.915 0.896 0.128 1.891 0.853 0.012 m 10.090
L 0.963 0.955 0.163 1.003 0.984 0.120 m 11.270
Table 3. Results in the analysis of variance
Equation Sum of
no. Model square df Mean square 7 Slg.
Regression 0.314 3 0.105 40.250 0.000
G Residual 0.083 32 0.003
Total 0.397 35
Regression 2.468 3 0.823 50.077 0.000
h; Residual 0.230 14 0.016
Total 2.698 17
Regression 9.779 3 3.260 121.698 0.000
L Residual 0.375 14 0.027
Total 10.154 17
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TWreSE A7) Alto] gickar #sich Durbin-
Watson Z-& 1.0030]|4] 1.891.0.8 LFehL} 2}7] Abato]
Qe Ao giek

9] 7k A A-E LERY = X E 2 Nash-Sutcliffe
Efficiency (NSE)7} ]2, NSE+= #=X|9} ndl 9]
WAE 0|85 }0:1 Hdlo]l a4 B7khe7Ives

50) A} 94k o] 717k g Liehu, Fo,
179 &Jsf 4 AXFE Tt (Nash and Sutcliffe, 1970).
@i, S-elmet folo} Zojo] thet NSEZS 717t
0.774,0.853, 0.984.0 2 10| 7ro] A AFHS oI} 2

ke,

EE'G]— o:]]__E o] A DIE__ 2o} A3 o 7 Hrlst

7] Slalf AA| Sk S 3] Aol E v u &
5] ARE-E]&=RMSE (root mean square error) 2t MAPE
(mean absolute percentage error) S =5 T} %
A%, o golsh Zolo] ok RMSEE 217}
0.034,0.012m, 0.120 m©] 22, MAPE+= 217} 8.000%,
10.090%, 11.270%.0 & LE}LT} (Table 2).
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Table 4. VIF values for determining the multicollinearity of the independent variable

) Unstandardized coefficients . Collinearity statistics
Equation no. Model Sig.
B Std. Error Tolerance VIF
Constant -0.743 0.020 0.000
a /Yy 0.270 0.050 0.000 0.543 1.841
Ryl ys 0.095 0.028 0.002 0.311 3.211
Q./(ysp) -0.102 0.036 0.008 0.234 4.282
Constant -1.228 0.087 0.000
I U /Yy 1.293 0.183 0.000 0.641 1.560
! bl v -0.836 0.115 0.000 0.190 5.259
Q,/ (ysp) 0.460 0.128 0.003 0.163 6.151
Constant -5.227 0.503 0.000
I /Yy -4.990 0.348 0.000 0.670 1.492
! Ryl ys 0.509 0.147 0.001 0.188 5.308
Q./ (ysp) -0.296 0.160 0.086 0.168 5.948
freedom)+= & 4= ¢l AT B4=0] 2hS =43} o] Y2 ARE-8HA]| ¢F=T} (Ham, 2007).
23t =42 9] 535 Altsh=t| “*Pl” ok Q= ARGl =] VIFEE Eq. 189]] 23] AlAtE]
glolel7} Aledhs A E O Fo=, FEo| WS -9} o, VIFgES Table 40 e AT R34 4
HH o] B fpof| wheh AR ek Fe =17 Hreof oot dojof thgt =& 349 VIFZES

S o Sofl o] B

A gk gho 2, 3

42l mof o] o} Zo]ol that & 517149 Pt

BE 10 Vg R OEBAHS gl Ao R

VIF=

(Eq. 18)
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