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Abstract: For the basins with debris flow
development, its channel terrain exhibits a tortuous
shape, which significantly restricts the movement of
debris flows and leads to severe erosion effects on the
concave bank. Therefore, this study aims to analyze the
shear force of debris flows within the bend channel. We
established the relationship between the shear force
and bend curvature through laboratory experiments.
Under the long-term erosion by debris flows, the
curvature radius of bends gradually increases, however,
when this increasing trend reaches an equilibrium
state with the intensity of debris flow discharge, there
will be no significant change in curvature radius. In
general, the activity pattern and discharges of debris
flows would remain relatively stable. Hence, we can
infer the magnitude of debris flow discharges from the
terrain parameters of the bend channel.
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1 Introduction

Debris flows are a common geological hazard in
mountainous regions, it can transport large amounts of
sediment to the accumulation areas in a relatively short
time (Zheng et al. 2021a). In recent years, the number
of debris flow disasters increase significantly with a
growing number of populations in mountainous
regions, as well as rapid climate changes, earthquakes
and other factors (Stoffel et al. 2014; Zheng et al.
2021b). Debris flow’s erosion process could expose the
foundation of the building, widening the cross-
sectional shape of the channel, etc. There were
numerous field observations suggesting that debris
flows have a greater erosion capacity than water or
sediment-laden water (Zheng et al. 2018; Zheng et al.



2021b; Pan et al. 2015), the activity pattern of large
fluctuations in discharges was also found to be
associated with the debris flows. During the flow from
the initiation zones to the accumulation zones, debris
flows continuously erode the channel, while also
significantly modifying the channel topography
(Rickenmann et al. 2003; D'Ambrosio et al. 2007),
therefore, the evolution of channel geomorphology can
reflect the debris flow activities pattern.

Widespread scholars believe that the final volume
and maximum discharge of debris flows are important
parameters to assess the disaster scale and the
maximum accumulation range (Dowling and Santi,
2014; Roelofs et al. 2022). At present, there are rain
flood method and in-site investigation of post disaster
to determine the discharge of debris flow, and then
evaluate the final total volume of debris flow in
combination with the disaster duration (Hu et al. 2010;
Kim et al. 2018). However, the rain flood method
belongs to the semi empirical method, which may
affect the calculation accuracy due to human
subjectivity. Secondly, due to the accidental
characteristic and most disasters location at
inaccessible mountainous areas, in-situ investigation
is almost impossible (Chen et al. 2007).

Due to the slight erosion process on the channel
bank by debris flow, most research focuses on the
erosion phenomenon of channel bed (Frank et al. 2015;
Han et al. 2015; Iverson et al. 2012; Kean et al., 2015;
Haas et al. 2022), but this conclusion only applies in
the case of straight channels. Under the bend channel
situation, centrifugal acceleration occurring, and
strongly erodes the concave bank. Although bank
erosion is not as severed as bed, bank erosion
(destruction of the slopes foot) is the main reason of
slope instability (Gonzalez-Diez et al. 1999; Lacoste et
al. 2011; Larsen and Montgomery 2012; Doi et al.
2020), the collapse and damage of the slope not only
provide loose soil for debris flows, but cause the
shoreline moving back and accelerate the terrain
evolution.

The debris flow’s discharge is determined based
on local geological, geographical, geomorphological,
and climatic conditions, etc.. In regard to the
downstream part of channels, the discharge of debris
flow is often closely related to the curvature radius of
the bend. Because the erosion ability of debris flow on
the concave bank is mainly controlled by the curvature
radius of the bend, when the curvature radius of the
bend is increased sufficiently under debris flow erosion
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processes, the erosion ability of debris flow would be
weakened. When this relationship reaches a certain
equilibrium state, the curvature radius of the bend
wouldn’t increase significantly.

This paper studies the relationship between the
erosion ability of debris flow on the concave bank and
the curvature radius of the bend. On this basis, we take
the Fencha Gully as an example, and conduct a detailed
analysis of the relationship between debris flow’s
discharge and the terrain of bend channels, finally, the
discharge of debris flow in the Fencha Gully was
calculated. In conclusion, this paper can provide a new
approach for estimating the discharge of debris flows.

2 Material and Method

2.1 Scale analysis

The erosion that occurred on the concave bank
was induced by centrifugal acceleration motion, which
was mainly determined by the debris flow’s velocity
and the curvature radius of bend channels. The
curvature radius scale is given by the ratio of the
curvature radius R} of the field prototype to the
curvature radius R, of the model bend in the
laboratory.

_Ke

L
R,
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The channel width scale W is given by the ratio of
prototype trench width B* to the model channel width
B:

B*
W=+ (2)

The terrain parameters of bend curvature radius
R, and channel width B are important factors for the
centrifugal acceleration. Therefore, we proposed a
dimensionless bend parameter A, which was given as

the ratio of curvature radius R, to channel width B:
A=— 3)

The bend parameter A in model experiment are
consistent with the prototype 1*:
=2 4
The Froude number (Fr) is an important
dimensionless parameter, it indicates the kinetic
energy component ratio between horizontal and
vertical directions. We applied dynamic similarity to
our experiment using the F; scaling concept.
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where, v* and v is debris flow velocities in the
prototype and experiment, respectively; g is the gravity
acceleration; h*and h is the depth of the mud level in
the prototype and experiment, respectively. The value

)

ranges for these parameters are listed in Table 1.

2.2 Experimental equipment and devices

As shown in Fig. 1, the structure of the flume
experiment consists of a hopper, straight flume, model
bend, and tailings box. The data acquisition equipment

Table 1 Parameters value in the laboratory and the prototype situation

Situation R, (m) B(m) 2 v (m/s)
1.30- 0.15- :

Laboratory 200 0.3 0.23 2.1-4.1

Prototype 52.00 14.0 0.17 5.5-8.5

o | ]
2 ;‘l’ ‘ o : /

h (m) E
0.060-

0.090 2.3-4-9
0.150- .
g 3.5-5.0

Fig. 1 Schematic diagram of model testing device.

R, =2.00 m
R.=1.65m
R.=130m

03m

Fig. 2 Schematic diagram of the model curve (a) bend models of different sizes; (b)

sensor mounting position.
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(b)

mem R,

consists of sensors, sensor
brackets, data acquisition
system, and mud level
meters. The hopper size is
600 mm x 600 mm X 900
mm, with a straight flume
size of 4000 mm x 300 mm
x 400 mm was used to
through the stirred debris
flow to the model bend. The
width of the model bend is
0.3m, and its curvature
radius was 1.30 m, 1.65 m,
and 2.00 m (R, is the length
from the center to the convex
bank of the bend),
respectively. The size of the
tailings pond is 900 mm x
900 mm x 450 mm, which
was used to collect debris
flow samples. Triphasic
sensors could measure the
magnitude and direction of
the impact force of debris
flow, which were installed at
the bottom of the concave
bank. The sample frequency
of the data acquisition
instrument is 1000 Hz. The
sampling frequency of laser
mud level meter is 1000 Hz,
measurement accuracy is 0.1
mm. A high-speed camera
(GoPro) was used to record
the entire experimental
process, with a shooting
frequency of 240 frames/s.
As shown in Fig. 2, there
were three different size
bend models, their width is
0.3 m and height is 0.4 m. In
the field, the foot of the
concave bank was eroded



and damaged frequently by debris flows, so sensors
were installed at the bottom of the concave bank.

2.3 Experiment material

The debris flow materials were collected from the
debris flow accumulation area in the Fencha Gully,
located in Xide County, Sichuan Province. During the
sampling process, the particles with a particle size
exceeding 40 mm were filtered out. The characteristics
of particle size of the material is dgs = 29.44 mm, the
median particle size is dg, = 2.7 mm, d3, = 0.12 mm.
The grading curve of particle is shown in Fig. 3.

2.4 Sensor arrangement

Five sensors were installed on bottom of concave
bank, different installed location represents different
erosion mechanisms by debris. Point A and Point B
represent the initial stage of debris flow within the
bend and it hasn’t transformed into centrifugal motion
completely. Points D~E represent that the debris flow
has transformed to centrifugal motion completely, and
during this stage. The sensor probes are completely
flush with the concave bank sidewall and it located at
the center of the hole (Fig. 4). A plastic film is attached
to the surface of the hole to prevent small particles
embedding into the gap between the probe and the
hole. As shown in Fig. 4(b), the sensor is installed on a
specially bracket, which can move up and down and
rotates horizontally to ensure that the sensor probe is
accurately installed in the center of the hole. The
control variables of the model experiment are debris
flow density, straight flume slope, and curvature radius
of model bend. There are 6 different debris flow
densities (p=16, 17, 18, 19, 20, 21 kN/m3), 4 straight
flume slopes (=9 °, 11 °, 13 °, 15 °), and 3 model bends
(R,=2.00,1.65,1.30 m), and every variable intersecting
with each other to conduct experiments.

3 Theoretical Model

3.1 Centrifugal force of debris flow on concave
banks

Through model experiments, the centrifugal force
of debris flow can be measured. Therefore, by
dimensionless the peak centrifugal force of debris flow,
we can get the relationship between fitting coefficient
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Fig. 3 Preparation of debris flow material sampling.
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Fig. 4 Schematic diagram of sensor installation: (a)
sensors installed at the bottom of the concave bank (b)
sensor bracket.

a with bend parameters 1 and F::
_ Omax —
@ = =5 = FOLF) 6)

where, f (1,F;) is a function with the bend parameters
and Froude number, and the form of the function is
determined through experimental data.

3.2 Relationship between debris flow’s

discharge and shear force

As shown in Fig. 5, during the motion process
within the bend channels, The movement direction of
debris flow changes gradually, from straight motion
transition to centrifugal motion. And it would cause
destabilization and failure of bank soils. The cross-
section of the debris flow body also changes from
square to triangle. In some studies, it was believed that
the cross-sectional shape when passing through bends
was trapezoidal, but according to the practical
phenomenon in this experiment, the cross-section of
the debris flow should present a triangle shape. We
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Fig. 5 Schematic illustration of debris flow’s erosion process within bend channel.

assumed that the debris flow’s velocity at section a-a is
vy, and the flow velocity at section b-b is v, (the
subscript with “0” indicates the state which the debris
flow hadn’t entered the bend, and the subscript with “1”
indicates the state that the debris flow had entered the
bend).

As shown in Fig. 5, section 0-0 and section 1-1 are
the cross sections of debris flow before and after of
entering the bend respectively. We take the process of
debris flow from point M to point N as the research
object, because the direction of debris flow gradually
deviates to the concave bank, so it is assumed that the
convex bank does not have a limiting effect on debris
flow movement. The coordinate system is established
based on the x and y axis directions as shown in Fig. 5.
Therefore, the continuity equation and mass equation
of the debris flow movement process between M and N
are as follows:

Fyzvlsinaqml_o'qmo 7
E = v, 008 qm1 — VoGmo (8
dmo = 9m1 C)]

where, qmo = pAoVo , Gmi = PA1V, , p is density of
debris flow; Ay, A, is the fluid cross section area at
point M and point N, respectively; F, is the force on the
concave bank in the M~N segment along the y axis; F,
is the force on the concave bank in the M~N segment
along the x axis; a is the Angle between the debris flow
velocity and the direction of x axis at a point N.

Since the distance between points M to N is
relatively short compared with the length of the whole
debris flow movement process, the influence of gravity
work and friction force on debris flow velocity in the
analysis of debris flow movement in this stage is not
considered. Therefore, according to the Bernoulli's

1908

formula, the flow velocity of
debris flow at points M and N
is equal, namely:

Vo =V (10)

This is obtained by formula

10:
pAgvy = pAvy  (11)
Therefore, after
combining  the  Bernoulli
2 formula and mass

conservation formula analysis,
although the cross-section
shape of debris flow fluid at
points M and N changes, its
cross-section area remains
unchanged:

Boho = O.SBlhl (12)
Combined with formula 8 and 9, the resultant

debris flow force on the concave bank in section M~N
is as follows:

Foym = |[FZ+F2= pv2iByhgV2 — 2 cos a (13)

where, F,,,, is the resultant force of debris flow on the
concave bank in the M~N segment; v is the flow
velocity of the debris flow; B is the width of the straight
channel; h is the depth of mud when the debris flow
comes. B, is the section width of incoming debris flow,
and its value is equal to the width of ditch B.

Combined with the analysis of the movement of
the whole debris flow in the bend channel and the
process of exerting force on the concave bank, the force
of debris flow on each point of the concave bank is
different, and the force is mainly affected by the Angle
between the velocity direction and the x axis. Therefore,
the resultant force of debris flow F,,, on the whole
M~N segment of the concave bank can be calculated by
the following formula:

Fom = | * (@) da (14)
0

where, ay is the angle between the tangent line of the
concave bank at point N and the x-axis, that is, the
Angle between the direction of debris flow velocity and
the x-axis; g(«) is the function relationship between
the debris flow force of a single point on the concave
bank and the tangent angle a of the concave bank at
that point.

Therefore, a single point on the concave bank
subjected to debris flow can be calculated by the
following formula:



(@ = F V2 28 1 sina
a) = = —pV e —
g sum 2 p o'to 1 —cosa

where, the value of a is mainly determined by the
position of the calculation point, and the value range is
0°~90°.

We can get from Fig. 5, the fluid cross section of
debris flow in the bend is triangular, so the debris flow
force at point N (the longitudinal direction of the entire
ditch bank) is as follows:

(15)

1
FN—sum :Epdhl (16)

Fy_sum = g(ay) cos Oy a7
where, Fy_g,.n is the force (IV) affected by debris flow at
Point N; P, is the impact pressure (Pa) of debris flow
to Point N. A, is the height of the mud level of the
debris flow at Point N, that is, the ultra-high height of
the bend; 6y, is the Angle between the debris flow force
at Point N and the normal direction of the point.
Because the flow process of debris flow in the bend is
very complicated, and the direction of the force
changes from time to time, the direction of the debris
flow force at the concave bank in section M to N is
replaced by the direction of the debris flow force at
Point N in this study.

What we need to analyze is the relationship
between the maximum curvature radius of the bend
and the erosion capacity of the debris flow within the
bend. Therefore, when the shear force of the debris
flow is not enough to erode the concave bank of the
bended channel, the curvature radius of the bended
channel will not increase, that is:

Tres = NP (18)
where, n. is the roughness ratio of the ditch bank of the
bend, which is determined by the nature of debris flow
and the specific situation of the ditch bank, and the
value here is 0.65; 7, is the shear strength of soil on
the ditch bank.

By combining the correlation equations, a binary
system of equations about (h,, v) two unknowns can be
obtained:

Tres = Py X1, = 1.686E 1471036 pp2 x n, (19)
hy, sina

= X = 2 —_—
Fres = Pa X e = V26pvBy e

where, & is the correction factor considering the uneven
distribution of the pressure exerted by the debris flow
on the ditch bank in the vertical direction, the value
here is 0.65. After the h, and v values in the basin are
calculated, the flow of debris flow before it enters the

xn, (20)
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bended channel can be calculated by the following
formula:

Qo = Bhov 21

where, Q, is the average flow when the debris flow does
not enter the bend.

4 Experimental Results

4.1 Interaction between the debris flow and
concave bank

As shown in Fig. 6, the experiment process of
debris flow impacts different bend banks under the
same density (p=19 kN/m3) and slope conditions
(6=11°). Under the same velocity condition, smaller
curvature radius of the bend would yield stronger
limiting effect on the movement of the debris flow. At
the same time, the debris flow will generate a higher
super-elevation value, it would also exert greater force
on the concave bank, which would result in significant
increasing of force acting on the concave bank with
increasing curvature radius.

As shown in Fig. 7, the experimental process of
debris flow impacts the same curvature radius of bend
(Rc=1.65 m) and slope conditions (6=11°) under
different debris flow density conditions. The super-
elevation value generated by 21 kN/m3 was less than
p= 16 kN/m3 conditions. High density debris flow has
a slower climbing speed and a smaller undulation
angle in the cross section, while low density debris flow
has a more intense impact process and a larger
undulation angle in the cross section. However, small
density debris flow with lower solid content inside the
fluid, which results in a weaker erosion ability. When
the density of debris flow is relatively high, a layer of
viscous slurry would be covered on the surface of the
bank, which would provide a lubrication and reduce
the erosion intensity by debris flow.

4.2 Time-dependent evolution of debris flow
impact force

The impact force of debris flow can be
decomposed into x, y, and z directions. As shown in Fig.
8, the force was mainly reflected in the z axis, and the
X axis also has noticeable fluctuation, but the force on
the y axis present a weak state, which was mainly
related to the debris flow motion characteristics. The
force on the z-axis represents centrifugal force, and the
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(2)0s

(h)0.69 s

(i)3.91s

Fig. 6 Process of debris flow impacting the concave bank at different bend curvature (a-c: Re=2.00 m, d-f: Rc =1.65 m,

g-i: Re =1.30 m).

(d)os (e)0.83 s

(f)5.88s

Fig. 7 Process of debris flow impacting the concave bank under different density conditions (a-c: p=16 kN/m3, d-f: p=21

kN/m3).

force on the x-axis represents a shear force.

As shown in Fig. 9, the spatial distribution of peak
centrifugal force at 5 different positions. In general, the
centrifugal force at Point B was maximum, there was
no significant difference in centrifugal force values
between Point D ~ E. Point B was located at the
intersection of the forward direction of debris flow with
the concave bank, as shown in Fig. 2(a), due to the
robust straightness of the debris flow movement, the

1910

debris flow hasn’t completely transformed into
centrifugal motion at this stage, so the force at Point B
was the impact force rather than the centrifugal force.
When the debris flow reached the area of Points D ~ E,
debris flow had ultimately transformed into centrifugal
motion, and the magnitude of the force totally depends
on the centrifugal acceleration, therefore, the force
values at Points D ~ E area were nearly identical.
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Fig. 8 Components of the impact force on the x, y, and z
directions, 1=0.23, p=19 kN/ms3, 8=15°.

B
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Centritugal force (kPa)
IS

¥}

position-A position- B position-D position-E

Fig. 9 Peak centrifugal force distribution at different
points on the concave bank; A=0.23, 6=9°.

4.3 Temporal distribution law of centrifugal
force

Numerous field observations indicated that debris
flow tends to exhibit linear movement. Consequently,
when encountering buildings, debris flows can cause
significant damage due to their powerful impact (Song
et al. 2021; Ng et al. 2016). The concave bank will also
undergo shear damage from the debris flow while
gradually imposing constraints and altering the
directions of the debris flow’s motion. Therefore, the
magnitude of the constraints imposed by bend on the
debris flow also governs the shear force exerted by
debris flow on the concave bank. This paper proposes
A as an index to measure the influence of curved terrain
on the debris flow movement process. As shown in Fig.
10, it can be observed that A= 0.23 exhibits a higher
centrifugal force trend compared to A= 0.18; however,
the entire process of A= 0.23 displays significant
fluctuations and unstable pattern, the increased
limiting effect of the bend has closely linked with this
phenomenon.

J. Mt. Sci. (2024) 21(6): 1904-1915

R=2.00m

-5 T T T T
0 0.5 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Time (s)

Fig. 10 Shear force on concave bank under different
curvature parameters of bend, p= 16 kN/ms3, 6=13°.

4.4 Relationship between centrifugal force and
the bend

The debris flow within the area of Points D~E
transformed into centrifugal motion, and the
predominant force acting on Points D~E was the
centrifugal force (It was the component force on the Z-
axis). A higher centrifugal acceleration leads to an
increased positive centrifugal force on the concave
bank, and the fast-moving fluid generates a shear force
that erodes and damages the slope toe of the concave
bank. Some experts have attempted to utilize the
Froude number to correct dynamic pressure (Hiibl et
al. 2003; Tiberghien et al. 2007). In this paper, we
made the centrifugal force dimensionless, as shown in
Fig. 11. Finally, it can be concluded that there exists a
relatively consistent power function relationship
between dimensionless centrifugal forces and F:.

We found that the dimensionless centrifugal force
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Fig. 11 Relationship between dimensionless centrifugal
force and Fr, (a) Rc=2.00 m; (b) Rc=1.65 m; (c) Rc=1.30
m.

and F, exhibit a power function relationship under
different curvature radius conditions. From the
previous analysis, it can be concluded that the
decreasing of curvature radius, the more restricted of
the bend for debris flow movement, finally debris flow
would generate greater centrifugal force. Therefore, we
analyzed all data under different curve conditions and
finally obtained the bend parameters A and the Froude
number were power function relationship with a, Eq.
12 is the specific function form is as follows.

The conclusion can be drawn that with the
decreasing in curvature radius, it would induce more
restrictive effect for debris flow movement, the shear
force on the concave bank would exhibit a higher
magnitude eventually. Consequently, the fitting

1912

0=1.686-F 1472036, R?=0.74
Fig. 12 Fitting relationship of a and A, F:.

analysis was conducted for the entire data under every
curvature condition to establish the fitting relationship
between the bending parameter A, F. and the
dimensionless parameter a. The fitting analysis results
were shown in Fig. 12, and the fitting equation was
shown as follows:

a = 1.686 x 1036147 (22)

5 Case Study

5.1 Background of Fencha Gully

Fencha Gully is located in the middle reaches of
the Reshui River, which is located in Liangshan
Prefecture, Sichuan Province. As show in Fig. 13, the
watershed area of Fencha Gully is 0.38 km?, the length
of the main channel is 846 m, which is distributed in
the NW-SE direction. The highest position in the
watershed is 2150 m, which is 284 m higher than the
accumulation zone. The upstream topography of
Fencha Gully exhibits a prominent steepness, where
spread many landslides. The average annual rainfall is
1012 mm, the rainy season is from May to October
every year, the total rainfall in the rainy season
accounts for 88.4% of the total rainfall. The activity
traces of debris flow in the Fencha Gully are obvious,
furthermore an accumulation fan with volume of
5.4x108 m3 had formed at the downstream.

5.2 Design discharge of debris flow

Due to the absence of available data about debris
flow activity in the Fencha Gully, the debris flow’s



discharge cannot be calculated according to the
mathematical statistics method. According to the
rainstorm and flood calculation manual for small and
medium-sized basins. We calculated the design flood
discharge, and then the debris flow discharge was
calculated using the matching method. The calculation
formula is as follows:

Qu=D,(1+ ¢4)Qs (23)
_ (pa —pw)
?a = los = p) 24

where, Q, is design discharge of debris flow, Qp is the
design clear water discharge, D, is the blockage
coefficient, with a value range of 1.5~3.0, which is
determined based on the blockage situation of the
channel in the basin; ¢, is the increase coefficient for
debris flow. p;, p,, ps are densities of debris flow,
clean water, and solid matter, respectively.

We calculated the discharge of rainstorm under
the different rainfall frequencies of 1%, 2%, 5% and
10%, and then the corresponding discharge of debris
flow would be calculated, the calculation results have
shown in Table 2.

5.3 Estimation of debris flow’s discharge
according to the terrain parameters

In the mountainous regions, debris flow channels
often exhibit a sinuous trend, and the significant
erosion impact by debris flow on the concave bank
would result in channels exhibit a more meandering
shape. As discussed above, the shear force exerted by
debris flow on the concave bank gradually diminishes
as the curvature radius of the bend increases. Once a

Fig. 13 Overview of the Fencha Gully.
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state of an equilibrium is reached between shear force
and resistance strength of bank, there wouldn't have
substantial increase in the curvature radius of the bend,
thus forming a topography could reflect the discharge
characteristics of debris flow, however, the discharge
of debris flow serves as an essential parameter for
assessing debris flow activities.

Table 2 Parameters of debris flow under different
rainfall frequency in the Fencha Gully

Rainfall frequency (%) D, Pa (Qrflg /) (Qr;ils /s)

1 2.4 2.20 10.70 82.18
2 2.2 1.67 9.28 54.44
5 22 129 748 37.61
10 2.0 100 6.12 24.48

Notes: Rainfall frequency is the occurring probability of
a specific rainfall intensity, which is closely related to the
climatic conditions. The rainfall frequency is 1%,
indicating that rainfall intensity is “once in a century".
The lower the rainfall frequency, the greater the rainfall
intensity.

LA - F 3 Srnavdty PR
Fig. 14 Bend channel at middle region of the watershed.
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Table 3 Calculation parameters of debris flow discharge

Variable (input) p (KN/m3) ne Tres (kpa)
Value 2050 0.65 27
Variable (output) P, Py ho (m)
Value 26.54 26.81 1.55

As show in Fig. 14, the example bend is located in
the middle reaches of the Fencha Gully, because of
long-term erosion by debris flow, the bend
characteristics are recognizable and the bend channel
presents a relatively regular arc shape. A significant
mountain landslide has appeared on the upper side of
the concave bank. This phenomenon can be attributed
to continuous erosion occurring on the concave bank,
which induces a persistent collapse of the mountain
slope above the concave bank. The channel width is 6
m, the curvature radius is 20 m, and the longitudinal
slope of the channel is 297 %eo.

Based on the calculation method proposed in
Chapter 3.2, the calculation parameters are shown in
the Table 3. We calculated the discharge of debris flow
in the Fencha Gully which is 54.44 m3/s under the
condition of 50-year return period. The debris flow
discharge calculated through the terrain parameters of
the bend is 52.08 m3/s, which indicates this estimation
method is reliable.

6 Conclusions

This is a complex motion process of debris flows
within a bend channel, the speed and direction
constantly changing, existing research methods
struggle to accurately describe this process. Therefore,
in this study, it is assumed that the flow velocity of
debris flow remains constant and that linear motion
has completely transformed into centrifugal motion.
Consequently, the centrifugal force could be equated to
the normal stress on the channel bank. Although this
method has certain limitations, it still has practical
significance for roughly estimating the shear force of
debris flow and the resistance force of the bank soil.
The powerful erosion effect of debris flow induces
severe erosion on the concave bank, which would
trigger a series of geological disasters. Based on field
investigations and laboratory experiments, the main
concluding remarks are:

(1) Through laboratory experiments, we have
derived the calculation method for the centrifugal force

1914

R, (m) B (m) A ay

20 6 0.3 40

hy (m) By (m) v (m/s) Qo (m3/s)
3.40 5.47 5.50 52.08

exerted on the concave bank by debris flow.

(2) The significant fluctuations in debris flow
discharge would result in a broader impact range on
channel’s landforms compared to streams. The intense
erosion caused by debris flow on the concave bank
leads to an increase in bend curvature radius, while the
destruction of the slope foot would trigger landslide
disasters.

(3) The terrain parameters of the bend channels at
the downstream can reflect the discharge pattern of
debris flow. When the increase in curvature of the bend
makes it impossible for the debris flow to further erode
and damage the concave bank, the relationship
between debris flow discharge and terrain evolution
would exhibit an equilibrium state. Then we can use
the terrain parameters of the bend at the downstream
to calculate the discharge of debris flow.
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