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Tab.1 Classification statistical results of hydraulic and sediment factors of Cuntan Hydrologic Station

WEEE,  WEs K/ CFHWE/ Rk kv, #ERREYS  WLEKEY mKETER PMERRs RSBz
(10°m® -s71) (m?-s7h) m (m-s") W/ m m R/ (kg -s™h) K/ (g-sh) AL/ m mm mm

0~3 2 688 158.53 1.84 3.77 405. 64 0.01 0.06 162.86 19.69 21.36
3~6 4 826 160. 56 2.00 4.65 515.88 0.06 1.16 154.17 28.19 42.75
6 ~10 8 192 163. 06 2.11 5.92 642.57 0.14 2.72 168.31 28.71 45.97
10 ~13 11 565 165.09 2.21 7.50 687.85 0.29 3.92 188.76 36.24 61.88
13 ~16 14 524 166. 65 2.28 8.58 716.04 0.90 6.19 225.32 36.47 68.38
16 ~19 17 420 168.07 2.35 9.65 745.04 0.78 10.33 249.28 37.81 77.38
19 ~22 20 542 169.50 2.41 10.74 762.29 1.13 21.62 245.56 40. 85 83.35
22 ~25 23514 170.78 2.47 11.81 772.23 1.54 18.61 252.07 40.00 82.62
25 ~28 26416  171.98 2.54 12.75  780.26 2.32 27.57 263.84 43.27 96. 60
28 ~31 29432 173.16 2.59 13.72  788.20 3.28 37.91 250.96 47.71 108. 12
31 ~34 32419 174.28 2.64 14.58  793.13 3.37 34.51 246.74 48.37 104.48
34 ~37 35384  175.55 2.70 15.49  799.76 3.56 36.65 267.70 49.11 103.97
37 ~40 38 592 176. 60 2.69 16.29 801.36 4.03 39.14 271.68 48.29 102.75
40 ~43 41 411 177.58 2.74 16.81 806.71 3.87 34.11 280.04 48.87 105.91
43 ~46 44 619 178.52 2.74 17.26 810.41 6.06 65.92 226.52 50.29 114.54
46 ~49 47 636 179.59 2.76 17.75 783.47 6.40 58. 65 228.86 54.77 112.48
49 ~52 50 077  180.91 2.83 18.19  805.33 5.23 45.41 263.54 45.19 101.10
52 ~55 53817 182.01 2.84 18.50  813.33 6.71 44.86 251.08 57.91 109.83
55 ~58 56 938 182.80 2.84 18.75 808.13 7.68 25.07 196.75 65.25 104.98
58 ~61 59 614 183.54 2.83 18.99 807.67 8.49 41.94 245.86 68.29 125.59
61 ~64 62 200 183.75 2.88 19.10 820.00 15.04 146. 15 358.50 77.00 161.00
64 ~67 65 050 184.90 2.82 19.20 821.50 12.29 127.01 112.00 72.75 133.00

R2 T Q-] XRMERM
Tab.2 Collected data of Q-J of Cuntan Hydrologic Station

Fo5 R/ (m® s HEE %o PERRIR Fo5 iR/ (m-sT) R %o FORRIR
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5 10 000 2.02 2005 A5 10 88 100 1.66 1981 4E /K SR
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K. g, AHERE T FERID e (kg -’ 57" 5y, HIRVPHE (kg/m’) 5y HKBYHE (kg/m’) 5Dy, Dy HIPKL
AR (m) , FoR BB A A 50% Fi1 35% BITP R/ N T 2ohids s J KT FBE s R K 124 (m) .

PEHE Meyer-Peter 1 Tsubaki %5 5 A~ L BLI0 (3 A8 s VR 0 20, i B RIHAL S 19 @ 5 0 BB R
LR,

Meyer-Peter #E82 it R 223 @ = (460 -0.188)"" (3)

Tsubaki #fEF BT bR A ®=25(00")"C(/OO" -0.806,) (4)
0, V> 222

Graf HER% B b R A D =410.4x (1 -0.045¥)>° W' 22.2=" > 14.6 (5)
10.4W23 v<14.6

Ackres & White HER B 10 502 ® =2.02log(H/Dy,) VO (./O, - 0.17)"" (6)

Fredsoe R B {0 345 ®=11.6(0 -0, /0 -0.7./0, (7)

X H N FPFHKE (m); W KRS, ¥=1/0, 0" BRI 18 KW RE L, 0 =

372
[768&{;/‘;)1/6} (yh])"* 50, R ENIGEF KT, 0, =0.027 SFr'7,
: 50

HRAE SEI AR ISP BOR( 1) 2RI ER A X5 Bl 7 o 100
TR, BeRSEE ¢, A EE C.(K 1), DLAE 0 B0R "
R=Y R/n (8)

2
B

Meyer-Peter
Tsubaki

SR, W LLEURH AR R, =C/C,

<
- —

AR ERBRTERADE

I A S T e T B V0 S A R B K A i
Meyer-Peter ARG FARAKHIE 6, =0.047, KTFKH 5 ol il i —smd |
WKL UK DR B 41 1 @, = 0. 027 5Fr, S 80T 518 1w /) STEB RT RN E
Ackres&White Fl Fredsoe A H) @, = 0. 029, 5 6, = Bl AR B 1D R A A
0.027 SFrig g 238, 13X 3 A~ 2 3 1 T ol g Fig.1 Comparison of existing formulas for

bed load dische
Tsubaki 2> e, SESUH TGRSR F7 , 16 TN TR ed load discharge

T RERR, B S v0 3 BE A 34 O, TR BE BT 52 1 5 Graf 23 xR % 7K it 95 B2 3 B il ik A 70>
R, HERHEE O, 3R, 80%27E /N v 5 B a8 R K

5 DNARTHEAEF BRI 0,71, 2,24, 1.88, 0. 82 F1 0. 84, ] i, Meyer-Peter, Tsubaki , Graf
N R I 4 2%, Fredsoe A2 AYTTEE 5 52 45 a5 M HEIT | Ackres & White AR Z

3 KT E R BIES R A X

3.1 BRTREBREDARME

P T I B i | LU R BRI R K | E2S 20, AK B0 ) 4% PR A ) TR IR 12 30, IO, ]
B 90 PR B A B e K IRBR AT | B PR VDM LI 3, 5 P S 0 AR M0 PR A HE T, S0 56
AR H R FEAR VD IS | DR AT A BEAE 2B 2 R L JCRBGIEAFIEIE . I, BT Fredsoe 2
SR R, TR 0 SR TR 25 4 SRR AL 202 M, 1 A K YL T B
EYS

FRAE AP A JE 0 RIS R MRS TR A B3R S KA @ L [, 5 0 I 3D I K i O,
WU e, 2 Fredsoe AR EUEEE LW 0 5 O, J FEESHORE S b A2, RS B 18 S 15 K oA
WGEHRIE /O - /O, RAEEKER  FILTEE



52 TR, AF VL PG B O AR A1 4R RS BT e 49 i VD AT Y 103

®=a(/0 -./6,)" (9)
B MK SIS B (2 1) R0 (0) AT 0 00T T .
FEERIA(10) , NMUERCRKRTE 22 BT A 13 B, 016 S0 SRS
PG IMER IR RN T 10% A BIRHRE T RN 8 o
0.882(F12) , FHIAHAN 0.0l MAKIERIEEARA T 7
HE— B4R i, oA
®=18.63(/0 - /0)*7 10y il
3.2 E&imgﬁ?&%}ﬁ/&ﬁﬂ-g;ﬁ%g;ﬁ tt 0 0.02 0.04 0.06 ’80%%(17%%‘%&214 0.16 0.18 0.20 0.22

B AF " RS IR U0 R S MR A S U7 BOE. P2 R T B st R A
He, 5o B DT B 0T Be e, LUK R T 3 o BB S8R Fig.2  Determination of parameters for bed load discharge

SEEASEWERR B v R, of the Chongqing reach of the Yangtze River
3 1/6
e -un (L) (2] v
. - v) U (11)
0 , U<U,

Ko WA FRE,0=0.044D.° D, R EFFAE (m) ;U R FEFHE (m/s) ; U, ARZTEHE (m/s)
—_ 1/6
U = 0.45547" %gd (Di) SU' W IEBHFHE (m/s) U/ =U./1.2,

50

WRIEFE 1 B Sk B E RKAAR (11) k0 iEmaE
(1) FTRHAE 048 38 %, 5F 5 A4 SO RISt xe 8 e
e AR TR 3, s == ie=sei

il 3 UL BT A AL D<107 BRI R TSE 50 S b S
WIE 76 D>107 B, RT3 4 L2, BORe /N T e, A B ESiiiin BB
SCHE S U AR A A AN SRR i, X R B R =
ABOK T HAE A 2 S ERSH AT RAIA ol L i L J
o SHERL U VD R O AR UG S I M LA I A S PR TN RERREHE
WFSE A O 2 T 1 2 et A s T B, b e o e 3 TRTIBCHERS Fichin 10 3 USRS X F
T B A SR TR T A B IR T R Fig.3 Comparison of formulas

PR, b AGBOR ARG 4370 T3 A R VD R R 2 R, TR AR SO AP 270 B 0. 91 WAL T
A 0. 83l el WL, A SO UREAR - M A AR T8 PRI Be S B UR A #E A2 i %, SR AR S
IR BAHERS G 4% U R B LA A 2O RO B — e 4R &

4 4 &

(1) ARYESLIGER}  H BUAT B L ML HERS 0 8 20 5 SBR[, Meyer-Peter 2 F TR AL /)N, Tsubaki 24
7 Graf 2 EAE MR K, 1 Fredsoe 233 Ackres & White AU EEFENT

(2) Z M Fredsoe AXNEHE, UL 0 5 0, FESEOR AN VDA R BT R & 57K A
RZ By E URRROC R A5 B VL PRV BOHERS o TG 2 AW i vb 38 H OB 2 AR5 3l i B S K 2R
PG AN R B, 15 258 TV PO B v =t

(3) A IS GO 82 20 PR SR T X L, 25 R R B, e TS VT PR B o0 8, A S5
ARG 2B T 2 M0 ORI X2 B RN A 2, ] AV POV BeHE RS o 10 e n 4R Ik 2 2% [
I, A SCHYBIESE I 12t mT [ 29T B Vb R PSSR AR 5



104 KoK Kk o E T OB % W 2014 4F 4

& % X #.

[1] GOODWIN P. Analytical solutions for estimating effective discharge[ J]. Journal of Hydraulic Engineering, 2004, 130(8) ; 729-
738.

[2] MEYER-PETER E, FAVRE H. Neue versuchsergebnisse iiber die wirkung der stickstofformen unter besonderer beriicksichtigung
der umweltverhéltnisse[ J]. Journal of Plant Nutrition and Soil Science, 1934, 103(13): 147-150.

[3] EINSTEIN H A. Formula for the transportation of bed-load[ J]. Transactions of ASCE, 1942, 107(1) ; 561-573.

[4] BAGNOLD R A. An approach to the sediment transport problem from general physics[ J]. Hydraulics of ASCE, 1966, 42(3) .
1-37.

[5] g K. B N> M vpIhao - TR EE[T]. U IESE, 2004 (3): 1-13. ( HAN Qi-wei. Some rules of sediment
transportation and deposition scouring in the lower Yellow River[ J]. Journal of Sediment Research, 2004 (3). 1-13. (in
Chinese) )

(6] £7, W, FA&E WKEE S M), dbat. Bl R, 1989. (QIAN Ning, ZHANG Ren, ZHOU Zhi-de. Riverbed
evolution| M]. Beijing: Science Press, 1989. (in Chinese) )

[7] ENGELUND F, FREDSOE J. A sediment transport model for straight alluvial channels[J]. Nordic Hydrology, 1976, 7(5) .
293-306.

(8] WM. WU S AL T WK Vhis shMEEBEFE [ D], J8#R: UK, 2003. (YANG Sheng-fa. Characteristics of flow
and sediment transport in the inner river’s broad-shallow shifting reach[ D]. Chengdu: Sichuan University, 2003. (in Chinese) )

(9] Mk, MR, £242%. RICEINERA R R D FXmOE 1], KA 5. A%, 2006, 21(5) : 672-678.
(YANG Sheng-fa, ZHOU Hua-jun, WANG Xing-kui. The experimental study on the bed-load rate of the high gradient gravel
river[ J]. Journal of Hydrodynamics( SerA) , 2006, 21(5) : 672-678. (in Chinese) )

[10] #Hm, VEMS, /S4a k. KU e ~F ek oA R B v Aot (1], ANREKYT, 2010, 41(15); 83-86. ( WEI Li,

WANG Peng, LU Jin-you. A study of gravel bed load transport laws at Cuntan in upper Yangtze River[J]. Yangtze River,
2010, 41(15) ; 83-86. (in Chinese) )

Analysis of dimensionless bed-load discharge of
the Chongqing reach of the Yangtze River

CHU Wan-qgiang'*, CAO Ming-wei'”
(1. University Engineering Technology Research Center of Small Watershed Conservancy of Henan Province, Kaifeng
475003, China; 2. Yellow River Conservancy Technical Institute, Kaifeng 475003, China)

Abstract; The Chongqing reach of the upper Yangtze River is characterized by large water surface slope, riverbed
material armoring ( coarse bed material) and less relative smoothness. In view of these special characteristics, 47
years measured data of cobble bed-load transport rate with the corresponding hydraulic parameters collected by
Cuntan Hydrological Station have been taken as the basic data in analyzing and comparing the calculation accuracy
of five classic formulae. In the light of Fredsoe(1976) formula having the higher calculation accuracy, taking @
and O, as the main parameters, a formula is established and fitted suitable for calculating the bed-load transport
rate in the Chongqing reach of the upper Yangtze River in this paper. It is shown from the analysis and comparison
that the calculation accuracy of the formula is higher than that of the classic formula and Wei Li (2010) formula
mainly aiming at the Chongqing reach when the intensity of bed-load transport of the Chongqing reach is calculated ,

and that this new formula can well reflect the reality of the cobble bed-load transport in the reach.

Key words: Chongqing reach of the Yangtze River; dimensionless bed-load rate; hydraulic parameters; bed-load



