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Abstract: Aiming at key issues including restricted river turning radius and excessive flow velocity in the
approach channel of reconstructed and expanded ship locks connected to sharply curved rivers at the downstream,
physical model and ship model tests are conducted to systematically study the layout of the lower approach
channel and navigable flow conditions of such ship locks in sharply curved river reaches. The results show that a
ffected by both the high-velocity discharge from the hub and the boundary of the sharply curved river, water flows
directly towards the concave bank of the bend and then flows back to the lower approach channel and its entrance
area on the convex bank, making the navigable flow conditions of the lower approach channel and entrance area
in the designed scheme fail to meet specification requirements. Through comprehensive measures such as

adjusting the layout of the mooring section and the ship lock, regulating the convex bank line, dredging the concave
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riverbed and adding separation walls, the areas with excessive transverse flow velocity in the lower approach

channel and entrance area of the final scheme are greatly reduced. Ship model tests verify that vessels can

smoothly pass through the lower approach channel and its entrance area to access the ship lock when the

discharge Q<5, 000 m’/s. The research results can provide technical support and reference for the design and

implementation of mountainous ship lock reconstruction and expansion projects.

Keywords: sharply curved river reach; ship lock reconstruction and expansion; downstream approach channel of

ship lock; navigable flow conditions; physical model; ship model experiment
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Fig. 3 Validation results of cross-sectional flow velocity
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Tab.1 Physical model experiment conditions
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Fig. 4 Plan layout of downstream approach channel for

design scheme of the ship lock
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Tab.2 Navigable flow conditions of downstream approach
channel in design scheme

[X 45, TH %rﬂﬁ:ﬂg/ )rﬁ['lﬂ‘int:iﬁﬁ/ Eﬁ:{
(m-s™) (m-s™) (m-s™)
1 0~0.02 0~0.18 0~0.40
2 0~0.33 0~0.24 0~0.22
B 3 0~0.77 0~0.39 0~0.18
4 0~0.19 0.01~0.34 0.11~0.38
7 0~1.23 0~0.41 0~0.16
8 0~0.65 0.01~0.33 0~0.07
1 0~0.87 0~0.35 0~0.14
2 0.05~0.92 0.05~0.53 0~0.01
s 3 0.46~1.78 0.11~0.73 0
4 0~0.91 0~0.80 0~0.39
7 0.01~2.83 0.04~1.22 0
8 0.29~1.92 0.12~0. 69 0
1 0.25~1.40 0.01~0.12 0
2 0.55~2.56 0.01~0.27 0
=Talce 3 1.29~2.56 0.01~0.43 0
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Fig. 5 Flow velocity distribution in downstream approach

channel of design scheme under Q=5,580 m’/s
(low water level downstream of the dam)
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Fig. 6 Plan layout of downstream approach channel
of the ship lock ( modified scheme 1)
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Tab.3 Navigable flow conditions of downstream
approach channel ( modified scheme 1)
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IR 3 0~0.13 0~0. 14 0~0.24
7 0~0.15 0~0.14 0~0.11
2 0~0.25 0.01~0.21 0~0. 14
il Bl B 3 0~0.56 0.10~0. 51 0~0.23
7 0~0. 68 0.02~0.58 0~0.43
2 0.22~1.52 0.13~0.45 0
HITX 3 0.51~2.22 0.25~0.90 0
7 0.73~2.75 0.50~1.49 0
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Fig.7 Plan layout of downstream approach channel
of the ship lock (modified scheme 2)
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Tab.4 Navigable flow conditions of downstream
approach channel ( modified scheme 2)

Kl T %rﬁjiﬁ?@ ’r‘,’rﬁ;‘rﬂ?ﬁiiié/ IEI?;’?{
(m-s™) (ms™) (m-s™)
2 0.03~0.07 0~0. 04 0
3 0 0~0.01  0.01~0.05
1R B 5 0~0.07 0~0.07 0~0.04
6 0~0.08 0~0.09 0~0.05
7 0~0.16 0~0.13 0~0.06
2 0~0.13 0~0.08 0~0.05
3 0~0.25 0~0.05 0~0.10
il 3 B 5 0~0.28 0~0.12 0~0.09
6 0~0.29 0~0.20 0~0.20
7 0~0.29 0~0.20 0~0.21
2 0~0.95 0.03~0.76 0
3 0~1.11 0.07~1.26  0~0.16
AT 5 0~1.65 0.01~1.37  0~0.08
6 0~2.31 0.05~1.49  0~0.09
7 0~2.37 0.03~1.54  0~0.09
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Fig. 8 Plan layout of downstream approach channel of
the ship lock ( modified scheme 3)
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Tab.5 Navigable flow conditions of downstream
approach channel ( modified scheme 3)

NEE A o 1] 75 W5/
X T J}\fmolf_ i m{}IEIL El(u:
(m-s™) (m-s™) (m-s™)
3 0~0.03 0~0.02 0
sy 5 0~0.04 0~0.02 0~0.02
5B
6 0~0.05 0~0.02 0~0.01
7 0~0.09 0~0.03 0~0.04
3 0~0.16 0~0.08 0~0.06
- 5 0~0.10 0~0.05 0~0.06
sl
6 0~0.07 0~0.05 0~0.05
7 0~0.09 0~0.04 0~0.06
3 0~0. 81 0.01~0.58 0
AKX 5 0~1.17 0.02~0.77 0
6 0~1.56 0.03~0. 88 0
7 0~1.95 0.03~1.23 0
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Fig. 9 Velocity distribution of downstream approach
channel under typical flow ( modified scheme 3)
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Tab. 6 Ship model experiment results of downstream approach channel of ship lock

T/ Wi FRAEMI(0) RIEAR(°) WiH/(m - s7")
| 18]
(m’+s™") val s +H s ral s
A7 28. 68 31.21 14. 47 5.34 4.76 2.01
3 000 .
T47 31.02 15. 00 19. 32 7.99 4.78 2.01
A7 23. 64 33.72 2.43 19. 58 4.46 2.17
4 000 .
Tfr 32.60 17.92 14.97 6.38 5.24 2.97
AT 23.22 34.52 6. 43 18.63 4.22 1.40
5000 o
Tt 26. 60 6. 12 16.01 9.23 6.08 2.53
X 21.84 35.00 12.58 19. 66 3.98 0.90
5580 .
Tt 33. 14 17.03 20.91 3.74 7.77 2.56
5580 (s 25.24 33.23 10.72 15. 00 3.43 1.31
(IR Rk AL THi 31. 54 23.32 14.13 16. 58 5.83 2.73
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Tab.7 Statistics of navigation guarantee rate for
various discharge levels
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(m*-s™")  REyd  WERHM  WEREUD  RIEE%
2 000 265 12.62 7 404 96. 54
3 000 135 6.43 7534 98.24
4 000 83 3.95 7 586 98.92
5 000 49 3.24 7 620 99. 36
5 580 41 2.33 7628 99. 47
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HEH# R 5 000 m’/s,



2026

- 160 - K E L A2
4 #ip
1) XETAE TR AT A, 2K

21 1) e T O 25 K U Y S S, K
ﬁﬁ@%ﬁ@%ﬁﬁﬁ&%,%ﬁﬁﬁﬁ%%T
BT 5 IATIE 7K I A% 1 34 AN L 3 AT 225K

Q@m&&%mﬁmﬁﬁ\mﬁﬁﬁﬁﬁ\ﬁﬁ

(1] YT R B 448 15 B i 5 A i, #E @ <<5 000 m’/s

THOUT, AU FREA I 2 T EOR
2) FEBUOTSR 3 MR E T, BARMTTX
ETSURTIPIN T PANS: B RS K2 N 1 BT TS L9 i T E R

FHZIEL™N B R R 5 IE O T XS Y5
FAATE Q<5 000 m’/s By AT 58 f i ok 11 1] Xk
AL

3) RIXHEMURIERR ST, FiEE S 000 m’/s
AP UE 2R3 KT 99% Y ER | 45 A ) FRAR Y
SRR A5 A, A UCRTE AR A T A A ] R R
AT EJHEE A 5 000 m’/s,

SEH:

(1] ZE—Ix. FIE Py T g 24 AT ) 2 152 T S I A

I KIBHE T, 2025, 46(2): 157-164.

LI'Y B. Problems faced by construction of China’s inland

high-grade waterway network and countermeasures [J].

Journal of waterway and harbor, 2025, 46(2): 157-164.

SRR, XU, XL, 2 T BT A 30 AL T A
ZAEEFE 1], 7KE T4, 2024(7): 104-110, 116.

(2]

ZHANG Z, LIU Y, ZHAO K. Navigation conditions of
approach channel upstream of newly built ship lock in
sharp bend river section[J]. Port & waterway engineering,
2024(7): 104-110, 116.

X 25 T O A e RE S ALK U A PFRIESE (D],
PR: A KA, 2021.

LIU Z Y. Research on navigable flow conditions of the

(3]

approach channel of enlarged capacity of meandering
rivers[D]. Chongqing: Chongqing Jiaotong University,
2021.

AT 7 IR B )5 AT 3 A K O 2% P e o
WEFEID]. Kb KU TR, 2010.

(4]

(5]

(6]

(71

(8]

(9]

[10]

PENG W. Research and improvingon on flow conditions

at the entrance of approaching channel of curved reach[D].

Changsha: Changsha University of Science and Technology,

2010.

P, AR, XA 2, A5 25 B I 5 | T E A K

WA [T]. 7KiZ T2, 2022(6): 132-138.

ZHANG Y, YANG Z H,ZHAO J Y, et al. Simulation of

navigable flow conditions for approach channel of ship

lock in curved reach [J]. Port & waterway engineering,

2022(6): 132-138.

BUSIK, Bde, 35518, 45 «s” B2
ZAEREFE[T]. 7KiE TR, 2021(6): 128-134.

VI ] BB K
YAN Z Q,ZHAO J J, GU J D, et al. Study on navigable
flow conditions of S-shaped abrupt bend [J]. Port &
waterway engineering, 2021(6): 128-134.
XSGR, T AR TR B ] AT KO 46 1RO A G
5 [I]. 7KiE T4, 2019(10): 134-140.
ZHAO J Q, YU G N. Experimental study on navigation
flow condition of Dongxi ship lock in Hanjiang River[J].
Port & waterway engineering, 2019(10): 134-140.
WREA, 229 B, 240, 45, ZeV0il 55 Mt ey 2 T AR 5]
B ALK A& F ], 7Kz TAR, 2021 (11): 66-73.
CHEN M, LI R M, WANG D Y, et al. Navigation flow
conditions in approach channel of reconstruction and
extension project for Shanxiu ship lock located in the
Zuojiang River [J]. Port & waterway engineering,
2021(11): 66-73.
JivE, HAEE, YRR A L DR BOsE IR S DIIE H 1] X
U E [T]. KIS T2, 2025(8): 118-126.
FANG Y, SHANG Q Q, XU H, et al. Layout of diversion
piers at entrance area of ship lock approach channel in
mountainous sharp bends[J]. Port & waterway engineering,
2025(8): 118-126.
UGS, WRAR, h v, S IR b U 008 8 A K U
ZRMHSE[T]. 7Kz T2, 2025(2): 135-141, 202.
SHUAI Z B, CHEN Y Y, MA H T. Navigational flow
conditions in upstream approach channel of a ship
lock[J]. Port & waterway engineering, 2025 (2):
135-141, 202.



ML, F

&5 FBAE A 5 AL 1B ALK A2

FRBA L - 161 -

[11]

[12]

T, RO, A, S BRI SR B AL A
KA R B F 5 B LA A B 9], K as TR
2022(6): 139-144.

FANG J T, ZHAO J J, GU J D, et al. Experimental
study on navigable flow conditions of Jili junction in
southern branch of Ganjiang River and optimization
measures [J]. Port & waterway engineering, 2022 (6):
139-144.

XEHE, T F, SRATHE, 5. A R0E 2725 T Wi 21
g A A R K AR AU (], KB TR,
2020(9): 118-125.

LIU Y H, WANG Y L, ZHANG S P, et al. Layout of
junction’s upper approach channel and experiment of
navigable flow conditions at downstream of sharp turn

in narrow and deep river [J]. Port & waterway

[13]

[14]

[15]

engineering, 2020(9): 118-125.

7Kg TR 5 AR HLYE: ITS/T 231—2021 [S].
Jeat: AR R e A BR 2 ], 2021.

Technical code of modelling test for port and waterway
engineering: JTS/T 231-2021 [S]. Beijing: China
Communications Press Co., Ltd., 2021.

i A PR T T A : TS 305—2025[S]. dba: ARAE
i H R BB AR A PR 7], 2025.

Code for overall design of navigation locks: JTS 305-
2025 [S]. Beijing: China Communications Press Co.,
Ltd., 2025.

PN AL FR7E: GB 50139—2014[S1. dt3: [ %)
iR, 2014.

Navigation standard of inland waterway: GB 50139-
2014[S]. Beijing: China Planning Press, 2014.

(ALmit RIE)

R32,239,239,239,939,239,939,239,939,299,992,299, 039,299,039, 239.239.239.939.939.939,939,939,293.932,299. 099,299,239, 239. 239,239, 239.939.939,939,939,933,939,299, 092,239,239, 299,039,239 239

(LBEF 17TR)

(91

[10]

[11]

[12]

B M KT B iz K7 [N, v [ 28
%, 2024-04-16(6).
YIN Z X. Sichuan and Chongqing jointly build a large
shipping market in the upper reaches of the Yangtze
River[N]. China Communications News, 2024-04-16(6).
fi Kot EPKHE DR R LIIBEST THF5E (D], HIK: 5
PRAGHE KA, 2017.
SU D L. Chongqing port system and the functions of
research[D]. Chongqing: Chongging Jiaotong University,
2017.
SR F IR TR VT2 S SRR (I P4 5l 4,
2021(2): 194-196.
ZHANG C. Discussion on the development of Yangtze
River water transport in Chongqing [J]. Western China
communications science & technology, 2021(2): 194-196.
XA . AT HE O W05 X2 T 1 SC R AT 5T LU
PRUER B[] PEf#IZ, 2024(2): 59-60.
LIU M Q. Research on the relationship between inland

port logistics and regional economy: a case study of

[13]

[14]

[15]

Chongqing Port [J]. China storage & transport, 2024 (2):
59-60.

Je . AT B U T RORE B T T 0 R R A
FL[D]. HK: HRACH K, 2020.

LONG H. Study on the improvement potential and
passing capacity evaluation of the channels in the upper
reaches of the Yangtze River[D]. Chongqing: Chongqing
Jiaotong University, 2020.

FRs% . =Wk R &K R KK R H KB ETE 51
ASEARAE [T]. BEIRARLF, 2008, 30(9): 1431-1436.
SHAO J A. Characteristics of shape changes of riverway
in the Chongging reaches of the Yangtze River after
impoundment of Three Gorges Reservoir[J]. Resources
science, 2008, 30(9): 1431-1436.

LB, BN, 24, A5, HPOUE 22 V8K TE i 18 4k
PR [T]. /Kis TR, 2023 (12): 132-136, 203.
BAO M ], FAN S G, LI Q, et al. Channel maintenance
and dredging measures for Lanjiatuo Waterway in
Chongqing Port [J].
2023(12): 132-136, 203.

Port & waterway engineering,

(KX % A4)



