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Fig. 1 Experimental flume
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Fig.2 3-D laser scanning of terrain
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Fig.3 Schematic diagram and photo of step model in flume experiment
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Table 1 Parameters of steps in each test

B T H/m L/m S Dy /mm
RO / / /
Rl 0.10 1.0 0.1
100 ~ 105
R2 0.15 1.5 0.1

I R, SR BOCT R A 5 B B (1 min ) X0 VA S8 TN A A, AR = R T
RIFEbRE, BERE 4 ~5 min AT, 1R BOIN AR R 7 (BB 3R 05 SRR Jr, A2 20 mm) , THUHR
AP A IC TR BRbL T iz sl B o 249 Be g th 10 Bk 9 8 U0 AN PR, HAMIEAE 5 min A PRFFASE T
L5 FO M I3 K
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Fig.4 DOM and thickness of the deposit after tests with Q =19 m’/h (50-year return period)
F2 BiAWITREREHANKELE
Table 2 Riverbed slope after the tests
Q/(m*-h™ ") RO T.# R1 T.#4% R2 T4
11 0.086 0.139 0.123
13 0.092 0.132 0.126
15 0.096 0.126 0.128
17 0.082 0.130 0.125
19 0.087 0.136 0.133

A0 T 00 T Bz IR AR ik s e e e, LK IR B R — R A Y A G R (S ), KGN [l 4R ek B
TR T IR, IS A B IR R AR AE T, HARR RN (Q =11 m’/h) R1 M R2 T80T 930 3512 bl
PEE A#E 1.0 m, 1 RO T FAI3A 2.0 m, R1 Al R2 T4 F IR v i b 45 B WA T RO, 3% &2 5%
Hofs - VR VR 245 ) 5 I A WA T 1140 K T SRS L K S 1 VR R S BB BRI 56 . @ =15 m/h AR RL AT R2 TALF Y
NPAZ M FZEEPTE v =7 ~8 mEHE N, BEMT RO; BEE W EN M, R1 A R2 TO0 T FRE LI M3 &
WREAL, YRR E RIS RES RO TAL F R (K 6) .

I R, AEREW R S 3 RV AN B RE e, YT MR AR L B O R A%, #E RO T, bR B
B o] B VR VD IR RRAE NI, ST IERRIR UK EEREAIR (2 2928 0.2 m) . R1 Ml R2 oAb, Bvdh- IR TE 4544
RSV BRI AL BB i LU, PRI R UM BE I F IR (2202 m) & F LUK 7). BAkH, MR ai
BT, 3 AR T A B F IR BE A3 0.2 m, ifii B R1 Ml R2 T F YR B — K T RO T ;
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Fig. 7 Comparison of the stream bed incision depth
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Table 3 Energy dissipation rate of step-pool structure in each test

R1 T.#% R2 T4
0/(m® - h™") By 466 4t 5
h./m Hy/m n h./m Hy/m n
1 0.018 0.050 0.57 0.018 0.077 0.63
2 0.017 0.055 0.66 0.016 0.080 0.77
11 3 0.017 0.050 0.47 0.023 0.090 0.60
4 0.018 0.100 0.75 0.016 0.143 0.61
5 0.017 0.120 0.66
1 0.022 0.095 0.47 0.022 0.094 0.47
13 2 0.019 0.101 0.52 0.020 0.090 0.47
3 0.020 0.085 0.46 0.020 0.094 0.50
1 0.031 0.108 0.42 0.024 0.096 0.47
15 2 0.023 0.087 0.44 0.022 0.091 0.46
3 0.022 0.095 0.47 0.027 0.102 0.42
1 0.026 0.100 0.50 0.026 0.102 0.45
17 2 0.024 0.082 0.51 0.029 0.106 0.43
3 0.022 0.090 0.52 0.023 0.107 0.48
1 0.025 0.110 0.61 0.026 0.093 0.67
19

2 0.023 0.090 0.69 0.026 0.130 0.69
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Fig. 9 Comparison of the flow resistance in tests with step-pool structures
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Fig. 10 Flow resistance with different flow discharges in each test
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Mechanism of the step-pool structure on channel stability -

HUANG Kehan'?, XU Mengzhen'?, ZHANG Chendi'”*, WANG Zhaoyin'"’

(1. Department of Hydraulic Engineering, Tsinghua University, Beijing 100084, China;
2. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China )

Abstract: The step-pool structure is a typical riverbed structure with efficient energy dissipation in mountain rivers,
which promotes channel stability by consuming flow energy and increasing resistance. Channel erosion was simulated
by flume experiments to explore the mechanism and effect of the step-pool structure on channel stability, to provide a
scientific and technical reference for energy dissipation and disaster reduction in mountain rivers. The results show
that the step-pool structure can effectively consume flow energy, inhibit sediment transportation and improve flow re-
sistance, thus effectively controlling stream bed incision and slope failure. With the step-pool structure, the Darcy-
Weisbach coefficient of the channel increases by approximately 4 times as much as that in tests without this structure,
and the time-averaged sediment transportation rate is reduced by 20% —66% , however, the effect of the step-pool
structure in stabilizing the channel bed decreases with increasing flow discharge. With same height/length of the steps
(0.1), the structure shows a similar effect in improving channel stability. The stability of the step-pool structure is
the key condition of channel stability, and it is necessary to prevent the structure from being damaged step by step in
practical application.

Key words: step-pool; stream bed incision; sediment transportation; flow resistance; flume experiment
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