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Preliminary experimental methods for bed variations using artificial light and heavy materials
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Abstract

Hydraulic model tests and flume experiments for mountainous torrents and rivers have been conducted to clarify flow
characteristics for many kinds of sediment movement modes such as mud flow, debris flow and so on. Especially, in
case of mud flows and sediment laden flows with wide sediment grain size distribution, there are problems to be solved
for not only similarity in experimental approach, but also flow model and constitutive relationship in numerical
simulation.

In flume tests, coarse sediment particles can reproduce sediment erosion/deposition in those flow regimes, focusing on
that locally spatial and time averaged bed variation is formed mainly by bedloads. However, it can be quite difficult to
reproduce turbulent flow with fine sediment particles in model flume. In case of mud flows, modeling and treatments
for muddy flow body which is liquid-phase are still now difficult and coarse sediment particles can be regarded as
particles with small specific weight in comparison to sand. Additionally, in case of sediment laden flows with non-
uniform sediment, it can be important to consider how to reproduce wide grain size distribution of sediment particles in
model. It can be better that artificial material is used in place of sand particles based on Froude and dimensionless bed
shear stress similarity to reproduce several sediment transport modes. In present study, the applicability of light and
heavy artificial material for hydraulic experimental teats is examined using experimental data such as sediment flux
concentration and flow resistance in flows over erodible bed.
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Table2 Hydraulic conditions for flume tests of debris flows using light materials
Run 0,(deg.) 0.(deg.) T (deg) gn(cm’/s) I hi(cm) hs(cm) hi/ b Fr
001 6.20 2.94 11.2 106. 2 0.0515 1.95 1.03-1.2 0.525-0. 615 1.25
002 6. 20 3.99 11.4 113.7 0. 0900 1. 88 0.882-1. 32 0.469-0. 702 1.41
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Table 3 Hydraulic conditions for flume tests of debris flows using heavy materials

Run | 6(deg.) | 6.(deg.) | T (deg) | gn(cm?/s)

hi(cm) | h(cm) i/ b Fr

003| 6.2 3.7 7.8 106. 6
004| 6.2 4.32 7.9 105.1
005| 6.2 5.03 8.2 105.9

0.0160| 1.39 0.195 0.14]2.08
0.0197| 1.29 |0.25-0.292|0.194-0. 250 | 2. 29
0.0252| 1.32

0.34-0.44 0. 258-0. 333 | 2. 23

K—4 EERWEZ AR EBROKI SN (—88, EBRERLED)

Table 4 Hydraulic conditions for flow resistance experiments using heavy materials

R/d| t«(h) | 7. (R) |u.(cm/s) | ¢ =v/u.| k/d | Fr | Re«

28.210.0362 | 0.0276 | 2.98 12.7 | 2.00|0.561|37.5
47.6(0.0403|0.0242 | 2.79 20.7 |1.50|0.584|35.1
32.710.0468 | 0.0312 | 3.49 16.7 |2.00|0.677 | 53.4

Run | Q (I/s) | B (cm) |k (cm) | R (cm) i de(cm) | h/d
006 | 5.28 30.0 4.65 3.55 [0.00255| 0.126 |36.9
007 | 17.3 30.0 9.98 5.99 [0.00132| 0.126 |79.2
008 | 13.1 30.0 7.51 5.01 |0.00248 | 0.153 [49.1
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Fig.5 Grain size profiles of heavy material particles
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Table5 Time scale for bed deformations using heavy/light
slag

Ar obtained by Eq.(11)
Light slag

Parameters

(Awm, An=1/100)

Cin 0.0515 (Run 001) 6.= 2. 94 deg.
Cp 0.0128 0.0239(=1/41.8)
Cm 0. 0900 (Run 002) 6, = 3. 99 deg.
Ch 0.0235 0.0243(=1/41.2)
Parameters (A, A,=1/100) heavy slag
Cin 0.0160 (Run 003) .= 3. 71 deg.
c,;, 0.0203 0.127(=1/7.87)
Cn 0.0197 (Run 004) 6.= 4. 32 deg.
c,,, 0.0276 0.141(=1/7.09)
Cm 0.0252 (Run 005) 6,=5. 03 deg.
Cp 0.0376 0.151(=1/6.62)
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