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Fig. 1 Schematic diagram of the channels (not to scale).
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Table 1 Parameters of sediment in experiments

No. pn (g/cm®) ps(g/cm®) on (9 ¢ (I K (cris) dso(mm) 1535 BE BRIE (9 SE363HFE HIME (9

Kl 158 199 35.1 336 0.036 3.0 18.3 18
K2 1.50 1.93 345 335 0.069 4.2 17.7 17
K3 133 1.83 339 329 0.213 5.0 16.4 17
Py - 1.92 - 333 - 17.5
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Fig. 2 Grain size distributions of the materials.
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Table 2 The parameters in the experiments
No. K(cm/s) 6(9 Hs(cm) &@shii &zhifii& Q (cm¥s) Fs b (g/emd)
1 0.036 16 10 FT 120.0 1.15 1.50
2 0.036 17 10 FT 120.2 1.08 1.58
3 0.036 17 10 FT 121.8 1.08 1.54
4 0.036 17 10 FT 120.5 1.08 1.52
5 0.036 18 5 BF 53 1.02 -
6 0.036 18 10 BF 11.8 1.02 2.08
7 0.036 18 10 BF 11.3 1.02 2.0
8 0.036 18 12 BF 14.1 1.02 2.03
9 0.036 18 15 BF 15.2 1.02 -
10 0036 21 10 BF 9.2 0.86 2.0
11 0036 21 10 BF 8.4 0.86 1.87
12 0.069 16 10 FT 151 111 1.45



13 0.069 17 10 BF 23.6 1.04

14 0.069 18 10 BF 20.3 0.98

15 0.069 18 10 BF 215 0.98

16 0.069 18 12 BF 25.2 0.98

17 0.069 18 15 BF 31.3 0.98 -
18 0.069 21 10 BF 17.5 0.83 1.97
19 0213 16 10 FT 165.2 1.02 1.49
20 0213 17 10 BF 66.7 0.96

21 0213 18 8 BF 53.8 0.90 -
22 0213 18 10 BF 67.8 0.90 2.05
23 0213 18 12 BF 80.3 0.90

24 0213 21 10 BF 53.5 0.76

FT: ismictis; BF: JRRKFH.
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Fig. 3 The debris flow initiated in fluvial transport model in Run 2. The pictures b, ¢, d were



taken from downstream to upstream

a. The flow pass in the channel. b. Before the formation of debris flow. c. When the
debris flow just formed at left in a channel, the width of channel at the narrowest place was
only 4.5 cm. d. The debris flow at the time of sampling.
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0.5 mE, TRED o FEKMIKSEIENKE, RSN T R, JEmjerd
YRR AR T, EBFE AR MR (A 4b). ERMREIERIALE, TR
K RIERAREE [ TS, Jevb R K B BRGNS R IR R Y
B SAE A2 M B)IE 1.8 m, EAMFBL 1.7 m i (I SF KR H T i,
5a, b), Ji A 14.1 cm®s IS, RID R R AR B IR A, ESITERITE 0 - 1.5
m Z [A](&l 6a, b, ). Ve B AT S A2 T R AR, (HR S TR YA TR TR
fE1-2m i E (& 6c, B 7a, b, c), BUFHRRARAEp A 2.03 glem®, KT
s AR SR S B A A
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Fig. 4 The wetting lines and surface flow in Run 8

a. The wetting line (red dash line) at the section of 0 - 0.5 m. b. The surface flow at the
section of 0 - 0.35 m.
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Fig. 5 Surface flow on the mixture in Run 8

a. The surface flow arrived 1.8 m left and 1.7m at right (photo was taken from upstream
to downstream). In red circle was the surface flow. b. The surface flow arrived at
downstreamthe (photo was taken from downstream to upstream).
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Fig. 6 The initiation of debris flow from sidewall in Run 8.
The section was 0 - 1.8 m in the pictures.
a. Before the initiation. b. During the initiation. c. After the initiation
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Fig. 7 The initiation of debris flow from downstream in Run 8.
a. Just beginning of the initiation. b. During the initiation. c. After the initiation.

Kl 8 Nt 14 RSEEe i, JRIEIE 9 18° , YRVDHERRIRE N 10 cm, &
i RHCN 0.069 cis (£ 2) o fEEFAERTR T E N 20.7 cm¥s, SZPRSELA]
ME RN 17.6 cm®ls. MR IERAMIEE 1.7 m, AN 1.6 m (K 8a) , Mk
420.3 cmP/s I, VEVDHERRMIZE 0 ~ 1.1 m BURRLRE, HRIEAT (K 8b) .
VA eV HERR ) NIz s R URE TR AT (B 8b) , BN EA A
MR, B BURE
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Fig. 8 The initiation of bed failure model in Run 14.
a.The position of surface flow arriving when bed failure triggered (photo was taken from
upstream to downstream). b. After the initiation (sidewall). The section of flume was 0 - 1.9 min

the pictures. The front part of initiation was about 1.1 m.
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P B ACH A FH 35 P JBE 8 A AL K B DA R 3 3 T IR B 05 Fa e R AL
Fs KR ML, e R Fs FEARE MR R KA =0 & 4 . Prancevic et al.
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;\JU c=0.18D=44.5,ps 1.87, At %:(2024)
_ m BE4 1 W= (2024)
} o FTAM% (2024)
16 A a BEAX

% o FLAX
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Fig. 9 Relationship of safety factor and bed slope

BF: Bed failure. FT: Fluvial transport. Mix: mixed transport regime.
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Fig. 10 The relationship between the the saturation density and the ratio of the
threshold slope and the internal friction angle
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K1: K=0.036 cm/s; K2: K=0.069 cm/s; K3: K=0.213 cm/s.

Fig. 11 The relationship between the discharge and the product of the permeability
coefficient, the depth of saturated water, and the width of channel

K1: K=0.036 cm/s; K2: K=0.069 cm/s; K3: K=0.213 cm/s.
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Fig. 12 Relationship between the critical discharge and the meidium diameter and

slope.
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Fig. 13 Relationship between the safety factor and the slope angle with different
surface flow depth.
ps= 1.9 g/cm®, ¢ = 33 degree.
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Abstract: The bed failure model is the important initiated model for debris flow in
channel. However, there is no detail critical condition for bed failure model. In this
paper, a series of laboratory experiments were carried out to study the initiation of
debris flow by runoff in the channel. The experiments were conducted for the
initiation models and critical condition with different particle size, saturated density,
internal friction angle, and permeability coefficient. It was found that the slope
threshold of debris flow initiation in bed failure model with no cohesion sediment
increased with the increasing of sediment saturation density and internal friction. The
minimum slope was about 17 degree in the experiments for the bed failure. When the
bed slope is greater than the threshold slope, the thickness of the saturated layer of the
bed failure decreases with the increase of the bed slope, the minimum sediment
saturation thickness may be 0. The critical discharge of debris flow in fluvial transport
model is much larger than that in bed failure model. The critical discharge of debris
flow in bed failure model is the production of the permeability coefficient of sediment,
the depth of saturated water and the width of channel.

Key words: Debris flow; Fluvial transport; Bed failure; Critical discharge;



