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Fig.1 Model diagram of cusp mutation of sediment movement
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Fig. 2 Sketch map of model test
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Tab.1 Characteristic values of test sand samples ;ym
P/I\# DIO DD‘] D‘JO P/I\# DIO DBU DQO
Sy 139.80 189.67  257.69 || S, 26.47  123.48 221.01
S, 35.25 157.13  241.47 | S, 24.15  114.52  217.10
S, 43.05 143.51  233.96
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Fig. 3 Comparison of test and calculated values of

scour strength
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Tab.2 Comparison of calculated and experimental values

of sediment scour strength based on cusp catastrophe model

VR KuERE RRRYIERE WY mRE RE/Y

S,  0.2615 7.411 0 7.124 3 —3.868 8

0.281 2 6.881 0 8.858 7 28.742 1

0.315 7 10. 814 4 12.535 7 15.917 1

0.330 0 21.266 1 14.317 5 —32.674 4

0.359 7 13.585 4 18.541 6 36.481 9

0.382 8 20.671 0 22.348 2 8.1137

S, 0.157 9 3.497 4 1.568 5 —55.153 6

0.169 8 2.521 4 1.950 5 —22.643 4

0.183 4 2.586 4 2.457 17 —4.977 0

0.209 0 2.700 5 3.637 2 34.685 5

0.217 2 5.411 5 4.082 3 —24.562 4

0.222 4 3.086 8 4.382 6 41.978 4

0.2311 6.6315 4.917 3 —25.849 5

0.296 5 9.825 3 10.384 9 5.695 0

0.301 9 10. 362 2 10.962 7 5.794 6

0.318 3 10. 004 3 12.848 0 28.425 0

0.3239 9.462 0 13.538 1 43.079 1

S, 0.166 5 1.847 1 1.838 9 —0.441 4

0.174 1 5.434 3 2.102 4 —61.311 8

0.189 7 3.630 0 2.719 7 —25.075 9

0.201 9 4,007 1 3.279 0 —18.171 4

0.239 3 2.734 0 5.459 5 99. 689 8

0.245 6 3.493 7 5.902 2 68.937 4

0.256 1 4,201 1 6.692 0 59.291 3

0.273 2 6.660 3 8.124 0 21.976 1

0.282 9 7.559 8 9.020 4 19. 320 4

0.314 2 13.865 1 12.357 9 —10.870 4

0.328 0 16.685 1 14.058 8 —15.740 5

S, 0.227 2 2.190 1 4.672 5 113.347 4

0.235 4 4.660 6 5.196 9 11.507 4

0.256 5 5.479 3 6.723 4 22.705 3

0.269 6 8.097 2 7.807 0 —3.583 6

0.296 4 10.228 1 10.374 3 1.429 9

0.306 5 7.901 6 11.471 4 45.178 6

0.3156 8.917 5 12.523 8 40.441 1

0.323 4 16. 045 4 13.475 5 —16.016 2

0.334 6 21.199 4 14.924 6 —29.598 7

S, 0.278 7 3.820 0 8.624 6 125.773 9

0.286 5 5.104 8 9.369 1 83.536 1

0.304 1 10.338 0 11.204 1 8.3775

0.314 7 13.156 0 12.417 0 —5.617 2

0.337 2 10. 710 2 15.275 3 42.623 6

0.346 7 13.800 6 16. 603 0 20. 306 7

0.354 3 24.044 5 17.719 0 —26.307 4
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Fig. 4 Comparative analysis of this formula
and other formulas
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Tab.3 Critical sand reynolds number finishing

liEea Re, liFres Re,
KRAMER H 6.59~7. 86 THIJSSE 3.04
CASEY H'Y 2.08~73.3 TISON L ] 1. 61~670.0
SHIELDS A 14. 9~206. 9 Al — 47.4~219.0
WES U S 2.47~195. 25 ZEE AR 0. 203~66. 08
MAVIS F T 104. 9 NEILL CR  270.0~2028.0
WHITE C M 310.0 WHITE S J 0.034~1. 91
GARND LAB.  12.93~269.0 | MANTZP A 0.13~0. 84
SCHOKLITSCH A 150.0~750.0 | TALIN M'S  0.054~24.85
ASGAE Y 65~110.5

BRI BT A5 1) 45 I S0 R B T B 5 X
Forr 38 43 75 v B X 28 U HE AT B E ¢ MAVIS F
TR, Re. = 104. 9; TISION L J i 5 {8,
Re. =670;NEILL C RIXKfH . .Re . =2 028), Il
P 5. ATLL & B, 24k B VDR TR 5 50k 670 B,
B R ARG E ST ERE. Y o<
0. 01 B A SC A Vb 3 A 205 4 B 5 L 5e FH 28 5K
HRAREMZE AR K, 0. 01<<d<T1 B, AL
LG HREAXITEREM Y, £ 1<0<100
B AR S8 205 A % B A8 LA R B R

1000

100

Ol Tl L L 1l Il L L 1]
IX10° 1X10° 0.001 0.01 0.1 1 10 100 1000
@

5 DHEEENALEAXNBEENZI

Fig. 5 Influence of Re . on accuracy of sand

transport rate formula
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Application of Sediment Catastrophe Theory in

Fine-grained Sediment Transport Rate
MA Jun-feng,SHI Bing,BAI Tao,CHEN Bai-wen, WANG Jun-jie
(College of Civil Engineering, Ocean University of China. Qingdao 266100, China)

Abstract: The nonlinear equation was established for the incipient motion of sediment under constant flow, including
Reynolds number, Hiltz number and sediment erosion intensity. Based on cusp catastrophe theory, this experimental
process focused on the main factors affecting incipient motion of sediment and bottom riverbed scouring, and considerd
different flow intensity conditions. The Reynolds number of sand particles from other experiments was used in the nonlin-
ear equation of this study to verify the influence of Reynolds number. The theoretical value calculated by this formula has

a strong consistency with the test value, after comparing the results and data. Therefore, this nonlinear equation can ba-

sically meet the requirements for predicting the scouring intensity of fine sediment.

Key words: cusp catastrophe theory; sediment initiation mode; sediment scour; nonlinearity





