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Physical model test of local movable-bed on Cao’e River side of Xinsanjiang Ship Lock
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Abstract: To optimize the design of the Xinsanjang Ship Lock, a physical model test study is carried out on
the local movable-bed on the Cao’e River side of the Xinsanjang Ship Lock. According to the terrain of the project
reach and the project layout, the model scale is determined, the model sand is selected, and the model similarity is
verified. The test adopts the water and sediment conditions of a series of years and typical flood years to conduct a
local movable-bed erosion and deposition test on the recommended plan, and studies the laws of sediment erosion
and deposition and their impacts on the channel scale and navigable flow conditions. The results show that after the
optimization scheme adjusts the diversion wall at the entrance of the lower approach channel to an arc-shaped
gradually expanding trumpet shape, the navigable flow conditions of the lower approach channel and the entrance
area of the ship lock under different flow conditions are significantly improved. The erosion and deposition rate in
the series-year test tends to slow down with the increase of years. The difference in the erosion and deposition rate at
the end of 10 years in the upstream reach of the ship lock is reduced to 2, 800 m’/(km-a), approaching the erosion
and deposition balance. The research results can provide a basis for the design optimization of the ship lock and the

regulation of the waterway.
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Fig.1 Plan layout of movable-bed model of Cao’e River
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Tab.1 Calculation results of prototype sand

incipient velocity

B/ (m-s™")

R B A FEOAL P
2 0. 468 0.479 0.476
3 0. 497 0.515 0. 508
4 0.518 0. 546 0.534
5 0.536 0.575 0. 556
6 0.551 0. 602 0.576
7 0. 564 0. 628 0. 595
8 0.576 0. 654 0.612
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Tab.2 Incipient velocity of model sand

K lem AL H S/ (em-s™)
5.00 6. 60
6. 67 6.78
8.33 7.03

10. 00 7.13

11. 67 7.31
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Tab.3 Calculation results of similarity
for incipient velocity

AL R RO BOBIGEY Bl E)
KEm  (mes) KBEm  (mesT) TH LN
3 0. 508 0. 050 0. 066 0 7.70
4 0. 534 0. 067 0.067 8 7.88
5 0. 556 0. 083 0.070 3 7.92
6 0.576 0. 100 0.0713 8.08
7 0. 595 0.117 0.073 1 8.13
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Fig.2 Comparison of typical cross-sections

for verification of movable-bed erosion and deposition

SRE UK AR R W, 2019—2020 4%, )
PRI G0 1] B2 i 750 3% 30 A i = Y il LA b 3T B o A
JEARLAfR] 14.29 07 m® | JRFR4.09 7 m®, REAUXE
I 12.89 75 4.55 J7 m*, RZE5HIH 9.79% 5
11.25%, WJRFRAz 38 5 40 A s B — 30, A
HbAIE R TR i 5 R R AR L, R A IE IR T R
R A SR

3 EHINGESKIRE
3.1 KIb&M
¥ S F TR ] B A T K 5 4T /b it K AR
KT AR, Ay B e A R A SR ) A B A T
SR, SRR IE T T 8L R F4E (2010—2019) +
SR K AR ] PR AR, L 4,
F 4 FPEKIAE RFERAKRD S IRIFAERE

Tab.4 Characteristic values of water and sediment
processes in movable-bed experiment in series years

Oy R/ (m® s R E R (kgom™ ) AFRID /T 1

2010 1580.1 0.720 4.12
2012 1580.1 0.325 14. 65
2013 2 549.1 0. 164 38.80
2014 2549.1 1. 130 97.81
2015 2549.1 0. 426 73.78
2016 3300.0 0. 347 60. 69
2017 2549.1 0. 167 41.37
2018 2549.1 0.338 35.74
2019 2 549. 1 0. 102 25.15
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Tab.5 Test conditions of typical-frequency flood

g RE ERICHE  HOKEHE/ BRIy, R

Pl% d (m®+s™) min kg KA /m
- 2 5000 9.60 10. 39 3.90
20 1 7 420 4. 80 7.71 4.75
10 1 8 963 4. 80 9.32 5.13

5 1 9 903 4. 80 10. 29 5.24
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Fig.3 Changes in river channel topography of typical
cross-sections after water and sediment processes

in series years
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Tab. 6 Erosion and deposition volumes of riverbed at different periods and river sections in series years

B ] BE B AT B IR/ (10 m® ) B ] YRR /(107 m® s km ™) IR R/ (10°m® ckm ™ ™)
3ak 83.02/-116. 39 28.01/-39. 37 9.34/-13.12
i 13
,”H fﬁ? 5aK 93.27/-120. 89 31.47/-40.79 6.29/-8. 16
(CS36~CS84)
10 a K 95.93/-122.33 32.36/-41.27 3.24/-4.13
3ak 50. 36/-50. 08 52.46/-52.17 17.49/-17.39
s 1) U
i ”HW# 5aK 51.31/-53.55 53.45/-55. 57 10.69/-11. 11
(CS100~CS116)
10 a K 48.24/-60. 96 50.25/63. 50 5.03/-6.35
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Fig. 4 Cloud map of contour changes in the difference
value between erosion and deposition river terrain
and initial test stage (at the end of 10 years)
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Tab.7 Maximum erosion and deposition heights
of riverbed at different periods in series years

R MR B /m
i 9
(S84~ CS100)

MEBE i L e B
(CS36~CS84)

Ay )T g ] B
(€S100~CS116)

3ak 3.05/-2.87 5.48/-3.36 4.68/-4.22
5aK 4.16/-3.05 6.06/-3. 46 4.52/-5.11
10 a K 4.20/-3.07 5.80/-3.59 5.44/-5.31

3.3 T R IR K G AR et e
3.3.1 Rt

AT JRe 7R ML R 6 K 45 i it TR TR
BN R | 2 P 300 08 18 B Y%l 2 728 A frg i
AR, 5 RV, o K 5E
PURAVE R S 25 S, M ARUR 58 kK By R G 30 ]
IRIRBAL N AL DL 5

AN —a— (0=5000 m/s
—&— 0=7420 m’/s
-8 —x— (0=8963 m¥s
-9 L —x— (0=9903 m%/s
-10 | | ! | ! ! | ! Il
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
HEFY/m

5 BRBVER A HOK B RN IR R A M R AL

Fig. 5 Longitudinal changes of riverbed thalweg line in movable-bed test of typical-frequency flood
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Fig. 6 Variation of erosion and deposition quantity
per unit river length during water and sediment process

of typical flood
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Fig.8 Maximum erosion and deposition height of riverbed under typical-frequency flood
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Fig. 9 Comparison between erosion and deposition range
in a typical year (Q0=9,903 m’/s)
and test results of series years (at the end of 10 years)
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Tab.8 Results comparison of maximum erosion and
deposition amplitude in movable-bed test of Cao’e River

o b SUEBURBUKAE 5.06 -5.40
B FRIVFEIR G 4.20 -3.07
o SRR 6.26 -4.34
WIETEE o e 6.06 ~3.59
fim e SUERERRICKAR 5.34 -5.92
B FRINE 5.44 -5.31

HIFE 9 Fn 8 mI N, f il T 5 AnE 117X
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TR LT U BORH 220K . BRAR B 3% e 4 5 TR AT
FYT IR (B B, e b Ui 32 0 VTR M A
o, R R K SR A R, PRI B A A it

K, REAEMR 0 W pf i 5, SADCR PEK T
T R A A IR R 5 DU T X B el A2
B, MNRRACRE O, e A iR AR AR,
NG, i L B AR RN R S AR K Vit
FRE KR AR BEARZE R, IARURERE2E 0. 86 m,
RIEREE 2 2. 33 m,
3.4 Ye b eh Ikt TR BT RO K H K I

ZRAFHFE
3.4.1 RIFKP T

ZRAVAE K VRIS i FEMTBE 3 a K, 5 a KM
10 a oK, IR T RE T BE TG BLH0R TS, Bk i
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Tab.9 Characteristic parameters of erosion and deposition
during water and sediment test process of series years

e/ Bg TR =/
B B fi]\ i 78 2 iL &7:7%
JLTR /m T /m ' m
3ak 3.05 1.023 6 0. 44
9 )b i T
- 5ak 2.99 1.059 0 0. 06
Befjiitt :
10 a K 3.27 0.645 3 0.02
SR B 3ak 1.59 6.272 0 4.09
HEETTX K& 5ak 2.91 1.694 4 1.24
EHB 10 a K 2.85 0.885 0 0.65
3ak 2.04 3.8535 3.56
JH5 R T 3t T
- 5akK 2.03 3.183 7 2.70
Befititi iy o
10a kK 1.79 2.256 0 2.18

M2 9 vl LAE H, i TR B Y AE R 5
AR AR R, TR B A TR VD IR i R R
ARSI A RAF, I TR YR 10 a K AR
FUREEN 0.03 m, EIEAL T ot VHEURE, M
)T 5 A 0T X R 3% 42 B RO i) T /% i B
BIAV R S3518 0. 76 F10. 97 m, SF-Hupid R
FE 1.0 m N, JAT3E RS R 5E 4
3.4.2  MAVERURPE ARV i AR

P TR B 4% B i VR I TR L B A
KRB . WAV 7 &2 W3k 10,

SRR UK PR B Rl Xek TR B 4 A 1 T
PRHBIE )52 R, (HY AL & Q=7 420 m’/s
Jei, T TR VAT B A3 P I8 Y B VA ik B A A 17 1
REBBIFAHEH, £ 0=9 903 m’/s Hf, M _LiiF
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Tab. 10 Characteristic parameters of erosion and

deposition during water and sediment test process
of typical-frequency flood

B IR kK R/ BLR R RS
EL v S
i /( m’es! ) WM EA/m? i m?

5 000 2.72 17. 602 7 1. 69

fr by 7 420(P=20%) 2. 64 8.027 3 2.59

BeAiE 8 963(P=10%)  2.79 3.0747  0.58
9903(P=5%)  2.84 0.1080  0.03
5000 1.99 9.6894  8.82
f?ﬂl“ﬂfgl‘f 7420(P=20%) 1.79  12.3665  7.62
i;gg& 8 963(P=10%)  2.29 9.2950  4.18
9903(P=5%)  2.39 2.6495  2.28
5000 2.01 1.9341  2.56
SR T 7 420(P=20%)  1.44 22000  2.83
By M 8963(P=10%) 1.69 1.217 7 2.03
9 903(P=5%) 1.74 0.7862  1.93
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sz, XA AR (Q =1 605.5 000,7 420,
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FTX AR K, 0=5 000 m/s i 6 3 Beiggok
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4 g
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