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Fig. 2 Gradation curves of suspended sediment and bed

loads in the reach from Shizuishan to Toudaoguai
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Fig. 4 Gradation curves of suspended load during flood process in 2012
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Tab. 1 Multiannual mean values of hydrodynamic characteristics given by Sanhuhekou and Toudaoguai stations during flood

Wik =W n S 4 it/ =W n St

=

W

5T KB/m W/ (m-sTh) KBE/m o B/ (m-sTh)
500 2.55 0.95 1.98 1.19 2 000 3.02 1. 81 2.95 2.42
1 000 3 1.35 2.31 1. 82 3000 3.69 1.91 3.54 2.54

(m* =™ K%/m FE/(mesT) KE/m R/ (m-s)|[(m

*2 AEREBHHKTRDENSEF

Tab. 2 Incipient motion and suspension of sediment under different flow discharges (m-s™")
FIWER S (V-V,) FIWTEIE(V-V,)
i d/mm
500 1 000 2 000 3 000 500 1 000 2 000 3 000
0. 500 0.32 0.7 1.16 1.23 -0.71 -0.36 0.09 0.12
0. 300 0.41 0.79 1.25 1.32 -0.25 0.11 0.57 0.62
0.250 0.43 0. 81 1.27 1.35 -0.11 0.25 0.71 0.77
0. 175 0. 46 0. 84 1.3 1.38 0.12 0.49 0.95 1.01
=T O 0.125 0. 47 0.85 1.31 1.39 0.29 0.67 1.13 1.20
0. 100 0. 46 0.84 1.3 1.38 0.39 0.77 1.23 1.31
0. 080 0.48 0. 86 1.32 1.40
0.075 0.50 0. 88 1.34 1.42
0. 050 0.62 1.01 1. 47 1. 56
0. 500 0.59 1.20 1.77 1.87 -0.39 0.19 0.71 0.77
0. 300 0. 67 1.29 1. 86 1.96 0.05 0.65 1.19 1.26
0.250 0. 69 1.31 1.88 1.98 0.18 0.78 1.33 1.41
0.175 0.72 1.34 1.91 2.01 0. 40 1. 00 1.56 1.65
S 0.125 0.73 1.34 1.92 2.02 0.56 1.17 1.74 1. 84
0. 100 0.72 1.34 1.91 2.02 0. 66 1.27 1. 84 1.94
0. 080 0.74 1.36 1.93 2.03
0.075 0.76 1.38 1.96 2. 06
0.050 0. 88 1.50 2.08 2.19

IR 2 THRE RO LA S FOK AT TR RAR RIS, d<0.080 mm [Jeib— H ik
LS RIF ;d>0. 500 mm FIRVDTE/NGLER R (V-V,) ¥k S, R BLAHZR AR R A e B R iz 3h, KR
ST ATETE ; ORLAE 0. 100~0. 300 mm Y V0 W #E W] & 12 gL SR W A BB fe bk e . BiFfebne
SH

z=w/(ku,) (2)
K w, WEMRE (m/s) sk M RITHEL, BIFREPRR/NIE TR TR R L 0 Am AR,
2 BN JRVDTEIRZE bAoA A 5] SR D B S B . IR T Y 2<0. 06 BT vhiE T, 7T DL 4>
TR TR 2K 0. 10<2<3. 00 B> BT ;2>3. 00 I, 90% JE 75 il B 7% i BE AN i K IR B9 10% , Y8 70 R fig
FENGTICAMSfE RS i 3, RIRERS

FRIE P 552 1] BEAK Sl S GERE, T TR RAE AN APRAR (O B IF 48 bR, 2 3 FIBIR T d=0. 250 mm VP
BIRRAR TR

B T B IF AR bRbE U AR A BEALAS A, JCk BRI R D -« S U0 25 5, R I B AT 0 A A
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PRIC2E S ,d<0.125 mm PYRVP 2250 B3, XEEWRAE d=0. 300 mm IIIEINTE N S BIEA MR IZ 3],
A Bagnold ' [ 434 7535 , SR FH =0T 1 8k /K 309 S0 9 ek el 37 TG Bk AW B TE S VD 3R () 5 TE AR IR
HHLTT (07 )RR (L 5) , Al I 2 BIZ5IE  BKIPRLAR d=0. 500 mm YR VMEHERSIZ 30550, 100 mm<d <
0. 250 mm MY YR T ZHER ALY 445 11T d<0. 075 mm (IR ID EBHMEALIZ ),
®3 BESH.ZHTOMLERKZERBBZER(L d=0.250 mm A5, 7KiE 19~22 C)
Tab.3 Suspension index of Bayangaole, Sanhuhekou and Toudaoguai gauging stations in flood season ( take d=0.250 mm for

example and water temperature is between 19 and 22 °C)

i KIE AR RETEE/(mdesT) z z i %4 KN ARG FETEE (m s z 2P
1981 303~5 290 2.94 o 1957 179~1 517 3.07
Fk 2.50 =AW ARK 3.02
) 1983 181~3 630 2.06 1956 244~1 726 2.97
[
1987 95~1 350 3.12 1981 157~5 130 2.50
K 3.35
1988 106~1 660 3.58 Fk 1983 476~3 460 1.87 2.59
1955 182~3 348 2.17 PSE 1964 413~4 510 3.41
=W UK 1981 141~5 400 1.20 1.83 1957 195~1 280 4.71
ik 4.88
1983 325~3 680 2.12 1987 26~488 5.04

R4 BiFIER<3.00 HRE

Tab. 4 Test results during suspension index z<3. 00

Ho(2<3.00) Hy(2<3.00)
HifZ/mm i/ mm
Gt T I P 1 (n = 1) F i giiti T I FHE 1o (n = 1) F
0. 080 -93.080 0 1. 658 52 0.175 -11.428 8 1.658 %32
0. 100 -55.876 5 1. 658 ez 0. 250 -0.3125 1. 658 ez
0.125 -32.063 1 1.658 3 0.300 2.910 7 1.658 EjEkdc)
AL A& K TR AL & v B AH A, I AR 5 S £, 1000
Pt ] B BPRAR A 0. 100 ~0. 250 mm Je Vb H 78% B iF
JE/NT0.53 m, BEE RLAR N, XA He 49 22 2 75 21 90% 100 - .
170 ©0.025
DL 25 528 ,0. 100~0. 250 mm YV AR S Bk s 10f °83§8
I R UE , DRI B 1 R v 19 L) K T 559% , +007s
I TE 24T 1 B B8 B e vh BT o5 3 B AN 5, 5 2R 05 I 1F x 0.250
BBFFELE R 3, BHIRIER A AT 15 5 0300
I SRV REAR R 0. 129 mm, FE ST AL FLAE I K 0.1 N
SRS T LW YYD AL S K 553K T 0. 080 mim, e
WERA T KA RERERIAE KT 0. 100 mm IRV K7 FS Bagnold JrikipHiss i iy =] FHR o v
I S T2 2 P A B0 M TR AR /1 BB

F 0. 080 mm MUY . To it B IR HE b7 78 S0 25 B Fig. 5 Sediment movement rule in Sanhuhekou channel
A I B g SR A , [FES analyzed by Bagnold’s method
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Tab.5 Measured sediment composition obtained from Sanhuhekou gauging station during flood in September 2012

E=Yi 2 /N4y
RAE A/ mm

HXIKEH 0. 6 FAXIKE 0. 8 XK 0.9 TR TR B

<0. 005 8.32 7.94 9.16 2.33 0.29

0.005~0.010 5.76 5.33 6.05 1.52 0.21

0.010~0. 025 19.23 18.52 18.73 6.85 0.75
0.025~0. 050 31.60 33.23 29.91 20. 54 6. 84
0.050~0. 100 24.82 26. 67 24.52 30. 69 28.69
0. 100~0. 250 7.84 7.09 9.30 31.70 45.03
0.250~0. 500 1.84 1.06 2.07 6.13 9.96
0. 500~ 1. 000 0.59 0.16 0.26 0.23 8.24

T AR K 0.6,0. 8,0. 9 A A5, BE B IT S i BE 40514 2. 11, 1..06,0. 53 m; PR 2 210 m¥/s, TPk 1. 85 m/s, P &b hy
6.91 kg/m? , LT HIKIEH 5. 28 m,

3 HMRbEaY

3.1 HRVBEFEE
N T LR 0. 100 mm<d <0.250 mm HPETD AARAR G A B F R ARG S DN BOR53 ) 1) B F

JEBR, R (Q=1 500 m*/s,h=3.3 m) FIEEADI(Q=2 000 m*/s, h=4.5 m) ZEF-H &ML IRA(3) 4
S AR RR AR IRV IR A 15 18, 2 6.
S, h-y a

S y h-a

)’ (3)
S, S, KR y AR L EARXT KIR N a/h=0. 05 &b RFR L S0 s h KR, a B ITIA
RIS S, — L a/h=0.05,
R6 ATHMNEZEETSHNAERNEGRDEL S /S,

Tab. 6 Ratios of sediment volume concentration having different particle sizes at given relavtive water depth

BV R S, /S,

XK R
kit 2% 0. 250 mm RiAEZ 0. 125 mm K44 0. 100 mm kA2 0. 080 mm
. 0.1 0.90 0.43 0.30 0.21
bl
0.2 0.99 0.69 0.53 0.38
. 0.1 0.58 0.20 0.13 0.09
KA
0.2 0. 84 0.36 0.25 0.17

HITEEE R (3R 6) Al 1, W Z AR -3 55 N 4a R 250 (15 298 90% ) Fide ol 0. 250 mm AUV B V7
E EA ST AHXT KB 0. 1, BIZKIRAS /2 0. 33 m Ji [l N RAR 5 (5 BE 2o 53% ) kiAo 0. 100 mm Y2 10 B
TR FEASE AL BETIIR 0. 66 m AR BE , /K IR V4% 6 e B2 W b 38 Ri A% 0. 125 mm M9UEYD 64% L) 14
L FE AR A AR KR 0. 2, RIZKIE 0.9 m, HIMERIAE A 0. 250 mm JEAMIERS iZ s R V>, A 16% 48 14 1%
R 2 42% ] LIAEAH ST KR 0.1~0.2 46 (B 0.45~0.90 m /K¥E) WEBizzh, UL E45RUEH,0. 100 ~
0.250 mm IRV AT ARG EAL (HXF K IRAE L 0. 2) i 3h, Ktk o 24t . XEBM R TP =25 R
PRUPIRAR A, =B T3 IR v BE

F S BERE RS TR RIS 1 R4k, 2N () 2B,
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5. =0.53 Yo o (Y =) )
Ye ™ Y gRw

FC I HRGE IR EID RE IR R =y, 255 (W3 7) R W WA K B AR -2 00, BEAT IR 0. 1 AHXT
TRBAE KRR KT 0. 150 mm AYETD L2 51/F 0. 032 F1 0. 205 kg/m® [y 52 1 88 XL (%) 4 4% I &5
Wi 0.01~0. 03 kg/m’, 256 Wi n] A5 2R AR . O RBK AT B2 0. 150 mm Z247 (e ]
DA P 9 AR 2 B RS T b K S 00 S BB IS AR A% 32 8 s @) fh T LI A i BV B 1 TR K
HARIARR T 0. 100 mm YETPIRES Z) W IR A% M R HSHERS 2 30

x7 EAEEDH

Tab.7 Sediment carrying capacity near river bed (kg'm™)
23Uy
KA M
Hi4% 0. 250 mm Hi4% 0. 200 mm $i4%2 0. 150 mm Hi4% 0. 100 mm
Ktk H=4.5,V=1.81 0.009 4 0.048 0 0.204 6 0. 830 3
W 24T H=3.3,V=1.33 0 0.001 9 0.0317 1.2856

3.2 tHRDIBRREER
KT AEFFIR VDAL FHER RS B IHFE— 0 AR RE &, B B PR AT RS o i v T R 5 7K i D
HR R VD & A HERS 12 S AYER A e F B ) A5 3 HE RS I A A T i VD o AN b SR AR

s - 1 i
g 001 [Fr(o-0,) 3
Y. tana u,
Ty
o=— " — (5)
(v.-v)D
9 i
© (yv.-v)D
Y.~ Y
gb = ¢BrsD gD (6>

Ly A KERE(N/m?) ;@ HHER BRI (ke/sL) 5 tana EEEREG Fr KU 96 55 185 0 1 6, K
SRIESE 0 MTHE (m/s) ju, AWEEFHTLE (m/s) ;7 AKTRAEFH TRV 1 (N) 37 Al sh#i R J1 (N) ;D
RHERS BT PRI AR (mm) 5 g, A FRSEHERS B VD (kg/s/m) ;B AR HEEE (m) .

BB (5) FI(6) AT T 1968 4F 1983 4FF1 2005 4F 3 H % i P {E kAL 4 0. 200 mm B 5 Hv»
BN CEET 0.84,0.78,5.55 J7 t; =T 1.5,0.74,2.88 J3 t; kit 2.7,1.25,3.29 Ji t, Al
L, =359 1 B RS B VR /N X R R R R VR T U A HE RS B A B 4R 2k =T 1 K S AR =
F i B e AR TR, E T A AL LV R R I, 12 @ ki 42 KT 0. 100 mm 9 HL UKL I8 U0 75 2
73. 4% , M B3k KB I8 K 40% ., 2008 4F 8 H 12—19 H FERFrRAE T = W] 1 —a] LA BER /0 #b 5
() S VR R S A TN R |, T R S T 455 BRSO T 2 S i AR ) A i R 2 0. 025~ 0. 075 mm A9 V0, JE LA
0. 050 mm )& 22 ; 17 =T 11 K2 L 58 BT Boki A2 K F 0. 100 mm YYD (5 80% LA -, ik SERIEI] T = 1#
T 1A HERS BT VD /1

20 T2 60 4EAR, SkiB P3 ki HFEE 6 AR M CRAR AR SO THERS i VR, AR TR}, MR AL i
WRERECR.

G, = 0.000 50" *° (7)
Ko G, W WTTHHERS VDR (ke/s) o MS(7) ATRLE W HERS ik vb & 5 I 1) /8 R O B E BE 9 2 A
SR AT DU HERS B v R IR £
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4 % &

FA] P S0 BEES AR B /T 0. 080 mm FYR VALK, 100 PR i S EURLAE R 0. 100 ~ 0. 500 mm, Herf
R KTF 0. 300 mm YR TPIEAR MR 12 )y, 7E UK 8 RETRT B PR, RidE 4 0. 100 ~0. 250 mm AR 5 i
3l s S FIAE T KIRIR)Z 18 3B ST R U 554, Tt K30 3 U Y0 v] LA A7 e 007, (i) IR 2
PR, ARG T A A U AR5 5 018 TR T A% 32 3, 23 BR T P A e 9 PR VD ot F2 B il 4, 3 BT 3
P IR ARSI . HER I VD R0 T R B, Ok B NS T B L A LSRR Y0 AN 2 oK I R B Bty | G
AYUAARAE =0T 1 B

G3Ah K SCIN SR A — A3, B 0. 5 AR K TRAL SOV A 34T 0RE R E 43 B, AN g W) 1) K Tk /K M 7 R
TS 0. 2 FHXF K IR AL B B9 AH 480 AR 72 (0. 100 mm < d<0. 250 mm ) , R AS B o 6 26 BRIR] 37 1) Y 70

Rtk o
Z £ X H:

(1] iR . WEERELe VR IR 4 M B 3E BT 38 . sl a W L —3mf 2B [ M. dbat, W3 A4, 2002 1- 14, ( YANG
Gensheng. Sediment sources and control measures about sediment deposit in Yellow River reach from Shizuishan to Hekouzhen
[M]. Beijing: China Ocean Press, 2002: 1-14. (in Chinese) )

(2] VRMLC. SRURIKYD NS BT 37 22 N 22 Sk JE Bl BOg R B v bR B2 [ 7). JeVPAIESE, 2014(5) : 1-10. (XU Jiongxin.
Channel sedimentation in the Lanzhou-Toudaoguai reach of the upper Yellow River influenced by runoff and sediment from
different source areas[ J]. Journal of Sediment Research, 2014(5): 1-10. (in Chinese))

[3] &%, BERZ, £V, SRS BOR VDA W E R BUZmBEFE[J]. JEVPRESE, 2013(4) : 41-49. (LI Ting, HOU
Suzhen, WANG Ping. Impact of incoming sediment grain sizes on channel sedimentation in Inner Mongolia Reach of Upper Yellow
River[ J]. Journal of Sediment Research, 2013(4) : 41-49. (in Chinese) )

[4] Z%F, Wik, 2o, B NS0 BOR IR TR YRS e 71284k ir [ )] AR, 2015, 37(12) : 9-11. (LI Xuechun,
YANG Feng, LI Rui. Variation of sediment carrying capacity of various particle sizes in Inner Mongolia Reach of the Yellow River
[J]. Yellow River, 2015, 37(12): 9-11. (in Chinese) )

[5] PhefEds, BGRE, B2, S5 SO TSR BT YR AR AL U AL 73 AT [ T] . ARSETIT, 2015, 37(5) : 4-9. (SUN Weiting,
MU Xingmin, ZHAO Guangju, et al. Analysis of grainsize composition of suspended sediment of the Yellow River[ J]. Yellow
River, 2015, 37(5) : 4-9. (in Chinese) )

(6] 25730, Z35, BREER, 45, 2012 AU BT 5ty et e ma [ )] KBk, 2016, 27(5) : 543-551. (LI Ziwen,
QIN Yi, CHEN Xingxing, et al. Effects of the coarse sediment movement in the flood on Inner Mongolia Reach of Yellow River in
2012[J]. Advances in Water Science, 2016, 27(5) : 543-551. (in Chinese) )

(7] sk, faks, BREEM. LRk Ry AR b Kok i B B e v I AR A 2 ma [ 1. K FIK iz R4k, 2010(1) : 23-29.
(ZHANG Xujin, HE Jinchao, MU Dewei. Impact of inconming runoff and sediment on sediment deposition along the Chongqing
reach[ J]. Hydro-Science and Engineering, 2010( 1) : 23-29. (in Chinese) )

(8] VWEW. VB e[M]. PE% . BErR A AR UfL, 1996. (SHA Yuging. Introduction of sediment kinematics[ M ].
Xi’an; Shaanxi Science and Technology Press, 1996. (in Chinese) )

(9] ABWEZ, WAnHF, B BL KWW XA RWIELT]. KFIKAEEA, 2000, 31(9): 6-8. (DENG Xianyi, CAO
Ruxuan, QIAN Shangi. Study on two-value silt carrying capacity of water flow [ J]. Water Resources and Hydropower
Engineering, 2000, 31(9): 6-8. (in Chinese) )

[10] BAGNOLD R A. The flow of cohesionless grains in fluids[ J]. Philo Trans Royal Soc(SerA), 1956, 249. 235-297.

[11] FEZEFF, HGEMS, EHLL. 8 52l B ARV vtk s RIORi [ T, R E VDL, 2014, 34(4) . 1143-1149. ( WANG
Hongfang, JIA Xiaopeng, WANG Haibing. Effect of flood scouring channel deposits in Inner Mongolia reach of the Yellow River

[J]. Journal of Desert Research, 2014, 34(4) . 1143-1149. (in Chinese) )

[12] RPER, sk, RS, BT h /= gy sl ML v w9 FoE [T]. ARER, 2008, 30(3): 24-27. (ZHANG

Hongwu, ZHANG Junhua, WU Teng. Definition of “coarse sand” of the Yellow River based on river dynamics[J]. Yellow



24 KoM ok BT O BO% M 2017 4 6 A

River, 2008, 30(3) : 24-27. (in Chinese) )

[13] $hU7 4. B TS MBIV RIE SRR BT [ R]. 22 P ER B E X B XS 5 TRV, 2009: 12-
27. (TA Wanquan. Study on sediment sources and variation of sediment accumulation in Inner-Mongolia reach[ R ]. Lanzhou:
Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, 2009: 12-27. (in
Chinese) )

[14] Bl MR H TP AR [ 1], AKFI2EH, 1993(4) : 62-69. (GAO Jian’en. Further probing into low of sediment
transport of bed load[ J]. Journal of Hydraulic Engineering, 1993(4) : 62-69. (in Chinese) )

Sediment fraction and its mechanic movement characteristics
in Inner Mongolia reach of Yellow River

QIN Yi, LI Ziwen, LIU Qiang, LI Shi, CHEN Xingxing
(State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi'an University of Technology, Xi’an
710048, China)

Abstract; The combination of water and sediment prompts the riverbed evolution. The movement forms, movement
rules and the effects on riverbed having different sediment grain sizes are various. Thus, the studies of the riverbed
evolution can not despise the sediment fraction and movement characteristics, particularly the studies of the Inner
Mongolia reach of the Yellow River, of which water and sediment come from different areas. On the basis of the
observed data from the hydrometric stations and by drilling samples, this paper shows the sediment fraction of the
suspended material and bed load. Based upon these, the movement forms and rules of the main sediment fraction
under certain hydrodynamic conditions are discussed, from the angles of starting velocities, suspended height and
silt carrying capacity. The sediment transport rule of the bed load is found by an energy and power equation. The
research results show that in the Inner Mongolia reach, the suspended material is mainly composed of the sediment
whose grain size is less than 0. 08 mm. And the primary partical size of the bed load is from 0. 1 mm to 0.5 mm,
especially the sediment with partical size between 0. 1 mm and 0. 25 mm is active during the erosion and deposition
of riverbed. The analysis of the bed load transport rate indicates that the most of coarse particle silt, which comes
from the upper reach of the Inner Mongolia reach, is too difficult to be carried downstream and will deposit on the

riverbed of the upstream of Sanhuhekou.

Key words: sediment composition; sediment movement characteristics; Inner Mongolia reach; bed load



