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Riparian vegetation always grows on both sides of a natural river during a dam-

break event, while the river typically retains some water instead of completely

drying out. The RNG k-e turbulence model is employed to examine the

evolutionary characteristics of the dam-break flow in the downstream

vegetated channel. This model facilitates the analysis of water-level

fluctuations, velocity distributions, and the retardation effects of vegetation on

the dam-break flow by varying the initial water depth (IWD) in the downstream

channel. Results indicates that as the water depth in the downstream channel

increases, the dam-break wave tends to form more readily, possesses a larger

amplitude, and the duration of rapid congestion in the dam-break current

decreases. Hence, the surface velocity gradually declines and shows an

intermittent distribution. Vegetation impedes the flow evolution in the

vegetated area, an effect that diminishes progressively with increasing IWD. In

contrast, vegetation hastens the evolution of water flow in the main channel,

which remains minimally affected by the IWD.
KEYWORDS

riparian vegetation, dam-break wave, velocity, initial water depth, water-level
1 Introduction

Landslide lakes are natural lakes with a defined reservoir capacity formed by solid

materials such as avalanches, landslides, mudflows, and other debris-blocking channels or

river valleys. These lakes are predominantly found in the mountainous areas of

southwestern China (Costa and Schuster, 1988). Landslide lakes represent valuable

resources, and their rational development and utilization can generate substantial wealth
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for humanity. However, they also pose considerable safety risks due

to the immense potential energy they contain. In the event of a

breach, the resulting dam-break water flow can sharply increase

downstream water-levels and velocity, resulting in severe property

damage and loss of life (Liu et al., 2020; Zhong et al., 2021; Li et al.,

2024). Thus, it is crucial to understand the evolutionary

characteristics of landslide dam-break floods on a wet-bed to

mitigate flood risk and develop downstream emergency

evacuation strategies.

The dam-break wave, generated by the high-speed landslide

dam-break flow changes, adversely affects the downstream structure

and environment during its movement. Scholars have extensively

studied landslide dam-break flow due to its significance and

complexity, producing numerous related research findings

(Ye and Zhao, 2017; Seyedashraf et al., 2018; Yang et al., 2019,

2022; Li et al., 2023). Analysis of 352 landslide dams with life

statistics revealed that 29.8% of landslide dams breached within one

day of formation, 68.2% within one month, and 84.4% within one

year (Shen et al., 2020). Evolutionary characteristics of landslide

lake dam-break flows have primarily been investigated through

mathematical modeling tests and numerical calculations. The effects

of boundary roughness, channel slope, and changes in channel

cross-section on the evolution of dam-break floods in downstream

channels were investigated using a flat-bottomed rectangular flume

and a sloping-bottomed rectangular flume (Lauber and Hager,

1998). Soares-Frazão and Zech (2007) analyzed the evolution of

dam-break floods in the presence of obstacles in the channel,

demonstrating that how obstacles alter the flow direction and

create a wake zone. Temporal changes in water surface elevation

at the gate location, quantified from high-speed video recording

images, can be divided into three stages: a sharp decline, a relatively

stable period, and a gradual decline (Liu et al., 2017). The theory of

wave evolution during dam-break flow movement has been

extensively studied by many scholars. Ritter (1892) investigated

the characteristics of dam-break flow evolution on a frictionless

horizontal dry riverbed by applying the Saint-Venant equation

using the eigenline method. Building on Ritter’s solution,

subsequent studies have considered the effects of riverbed friction

and slope on the propagation of dam-break flow (Dressler, 1952;

Whitham, 1955; Chanson, 2009; Mungkasi and Roberts, 2010).

Stoker extended Ritter’s solution to wet beds using the eigenline

method. However, due to the invalidity of its wavefront

assumptions, Stoker’s solution fails to accurately describe the

fluctuation evolution process and the corresponding wavefront

surface profile (Yang et al., 2019). Wang et al. (2017) derived an

analytical solution for the propagation of dam-break waves in an

inclined dry riverbed with arbitrary cross-sectional shapes using the

cross-sectional shape parameter separation method and the

eigenline method. An analytical solution for the propagation of

dam-break waves in an inclined wet riverbed was gradually

developed in subsequent studies (Wang et al., 2020).

In nature, riparian vegetation always consistently along both

sides of the channel, remaining the initial water at the bottom. The

drag force exerted by the vegetation significantly impacts the water
Frontiers in Marine Science 02
flow field structure, altering the dam-break wave’s movement

process. This force also affects sediment transport at the bottom

of the bed (Liu et al., 2024). The effect of vegetation on outburst

water has increasingly attracted the attention of scholars both

domestically and internationally (Hu and Zhang, 2022; Liu et al.,

2022; Shan et al., 2023; Zhang and Hu, 2023). Zhang (2013)

developed a two-dimensional dam-break numerical model based

on an unstructured quadtree network and the finite volume

method, integrating shallow water dynamics, riverbed

deformation, and sediment transport equations. This model

numerically simulated the dam-break water motion characteristics

in a vegetated floodplain, and the computational results were

consistent with model tests. Nadaoka and Yagi (1998) and Zhang

et al. (2013) established two-dimensional and three-dimensional

numerical models to simulate the behavior of irregular waves and

water in a flume influenced by vegetation, revealing the variations in

wave height and water surface within the vegetated channel.

However, in-depth research on riparian vegetation’s obstructive

effect on the movement of dam-break wave is lacking.

Based on existing research, the RNG k - e turbulence model is

employed to conduct a numerical investigation of the evolution

characteristics of dam-break water under varying downstream

channel depth conditions in a vegetated rectangular channel. This

analysis aims to provide a theoretical reference for further studies

on the evolution of dam-break water in landslide lakes by

examining water-level fluctuations, velocity distributions, and the

retardation effect of vegetation.
2 Model layout

2.1 Numerical model

The computational fluid dynamics (CFD) commercial

computational software Flow-3D is employed to develop the

computational model. The dimensions of the model flume are

consistent with the experimental flume described in Yang et al.

(2022). This computational model enhances Yang’s flume model by

positioning cylinders on both sides to represent the natural riparian

vegetation to examine the evolution characteristics of dam-break

water with riparian vegetation on both sides of the downstream

channel. The computational model’s dimensions are 10.72 m in

length, 1.48 m in width, and 0.5 m in height. The length of the

upstream reservoir area is 4.58 m, and the distance from the reservoir

dam to the front end of the vegetation area is 2 m, ensuring that the

dam-break water has fully reaches by the time it entered the

vegetation area. Three rows of cylinders are placed within a 30 cm

distance on both sides of the channel, and the longitudinal distance of

the vegetation zone is set to 3 m. The details of the computational

model are illustrated in Figure 1. Various initial depths of the

downstream channel are set to explore the effect of the initial water

depth (IWD) of the channel on the evolution characteristics of the

dam-break flood when riparian vegetation present on both sides of

the downstream channel, as depicted in Table 1.
frontiersin.org

https://doi.org/10.3389/fmars.2024.1462760
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Song et al. 10.3389/fmars.2024.1462760
2.2 Governing equations

In this study, the RNG k - e turbulence model proposed by

Yakhot and Orszag (1986) is adopted, which can effectively simulate

complex hydraulic conditions (Hu and Zhang, 2023; Shen et al.,

2022). Such direct numerical simulations (DNS) and large eddy

simulation (LES) (Kang and Sotiropoulos, 2011) can provide more

accurate calculations, but have high requirements regarding the grid

resolution and computational costs, especially in this paper. Thus,

the RNG k - e turbulence model, which is less resource intensive,

can also meet research and calculation needs. The governing

equations of turbulent kinetic energy (k) and turbulent

dissipation rate (e) are as follows:
k equation:

∂ kT
∂ t

+
1
VF

uAx
∂ kT
∂ x

+ vAy
∂ kT
∂ y

+ wAz
∂ kT
∂ z

� �

= PT + GT + DIffT − eT (1)
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e equation:

∂ eT
∂ t

+
1
VF

uAx
∂ eT
∂ x

+ vAy
∂ eT
∂ y

+ wAz
∂ eT
∂ z

� �

=
CDISI · eT

kT
(PT + CDIS3 · G) + DIffT − CDIS2

e2T
kT

(2)

where VF is the flowable volume fraction; Ax, Ay, and Az are the

area fractions, respectively; x, y, and z axes corresponded to the

streamwise, lateral and vertical directions, respectively; u, v, and w

are the velocity of the x, y, and z axes, respectively; PT is the term for

generating k due to the velocity gradient; and Diff is the

diffusion term.

The PT expression is:

PT = CSPRO
m

rVF

� � 2Ax
∂ u
∂ x

� �2+2Ay R ∂ v
∂ y + x u

x

� �2
+2Az

∂w
∂ z

� �2

+ ∂ v
∂ x + R ∂ u

∂ y − z v
x

� �2
Ax

v
x + Ay R ∂ u

∂ y − z v
x

� �h i
+

∂ u
∂ z +

∂w
∂ x

� �
Az

∂ u
∂ z + Ax

∂w
∂ x

� �
+ ∂ v

∂ z + R ∂w
∂ y

� �
Az

∂ v
∂ z + Ay

∂w
∂ y

� �

8>>>>>><
>>>>>>:

9>>>>>>=
>>>>>>;
(3)

where R = 1, x = 0; CSPRO is the turbulence parameter and

defaults to 0; GT is the turbulence energy generation term due to

buoyancy, and for incompressible fluids GT = 0.

The Diff described as follows:

DIffT =
1
VF

∂

∂ x
vkAx

∂ kT
∂ x

� �
+ R

∂

∂ y
vkAyR

∂ kT
∂ y

� �
+

∂

∂ z
vkAz

∂ kT
∂ z

� �
+ x

vkAxkT
x

� 	

(4)

DIffT =
1
VF

∂

∂ x
veAx

∂ eT
∂ x

� �
+ R

∂

∂ y
veAyR

∂ eT
∂ y

� �
+

∂

∂ z
vkAz

∂ eT
∂ z

� �
+ x

veAxeT
x

� 	

(5)

where nT and m are the kinematic and dynamic viscosity

coefficients, respectively, calculated as follows:
TABLE 1 Operating parameters in different cases.

cases L (m) B (m) BV (m) hu (m) hd (m)

case1

10.72 1.49 0 0.5

0

case2 0.1

case3 0.2

case4 0.3

case5

10.72 1.49 0.3 0.5

0

case6 0.1

case7 0.2

case8 0.3
FIGURE 1

Calculation model layout (A) 3D model; (B) 2D Layout.
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vT = CNU
k2T
eT

(6)

m = r(n + nT ) (7)
2.3 Set and boundary conditions

The two-phase flow is modeled using the VOF model proposed

by Hirt and Nichols (1981), which determines the free liquid level

by investigating the fluid-to-grid volume ratio function F in the grid

cells. The transfer function for F is as follows:

∂ F
∂ t

+
1
VF

∂

∂ x
(FAxu) +

∂

∂ y
(FAyv) +

∂

∂ z
(FAzw)

� 	
= FDIff (8)

FDIff =
1
VF

∂

∂ x
nFAx

∂ F
∂ x

� �
+

∂

∂ y
nFAy

∂ F
∂ y

� �
+

∂

∂ z
nFAz

∂ F
∂ z

� �� 	

(9)

where FDIff is the diffusive fluid fraction; F is the

transport function.

The initial and boundary conditions in this study are as follows:
Fron
1. Initial conditions: The initial range of the water body is

designed based on the test conditions. Initially, the water

body is stationary without velocity, and is positioned in the

downstream channel at the required depth.

2. Export Boundary Conditions: A free outflow boundary

(Outflow) is selected as the boundary condition for the

river outlet, ensuring that the dam-break water at the

outlet’s end does not reflect back into the water upstream.

Simultaneously, a specific barrage is set at the outlet to

maintain a certain IWD in the downstream channel.

3. Free Liquid Surface Boundary Conditions: The specified

pressure boundary is chosen as the boundary condition for

the free liquid surface, with the pressure set to standard

atmospheric pressure.

4. Wall boundary: The channel walls are established as solid

wall boundaries (Wall) with no penetration and no-slip,

and the water on the walls had no vectorial velocity. The

roughness height (n) of both sidewalls and bed is 6 mm.
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2.4 Grids

High-quality meshes are essential for speed and accuracy in

numerical simulation calculations due to their impact on the

precision of results. A structured mesh is utilized in this

computational model. In Flow-3D, the infinite approximation

method constructs the morphology of different structures. In this

model, the sink displays a regular morphology, allowing the mesh to

align closely with the edge wall of the sink. The model is divided by

a uniform grid of 0.02 m, totaling approximately 1.3 million grids.

When a cylinder is placed within the sink, the circular vegetation

inside requires local grid refinement to bring grid nodes infinitely

close to the cylinder, thus enabling accurate simulation of the

cylinder’s morphology. The non-vegetated area maintains a grid

scale of 0.02 m, while the vegetated area is locally refined to a

minimum grid cell size of 0.008 m. The number of grids in the

model approaches 4.3 million. The grid distribution of the

computational model with vegetation is depicted in Figure 2.

2.5 Model validation

The accuracy of the turbulence model in dam-break water

calculations must be analyzed before conducting a detailed study

to ensure the study’s accuracy and credibility. In this study, the

accuracy of the RNG k - e turbulence model is verified by

calculating for case 3 and case 4 and comparing the results with

the experimental data of Yang (2022). A point at x = 8.68 m and y =

1.12 m, downstream of the channel, is selected, and its time-

dependent wave height curves are analyzed, as depicted in

Figure 3. The time-dependent water-level process at both

locations closely matches the experimental values, with minimal

discrepancies between the peak and trough locations. The overall

relative error mean values are 0.7% and 0.48%, respectively.

Therefore, the RNG k - e turbulence model can accurately

simulate the evolution of the dam-break flow in vegetated rivers,

indicating that the results of this study are credible and reasonable.
3 Result and discussion

3.1 Analysis of water-level fluctuations

The water-level evolution process at 15 characteristic points was

analyzed to investigate the influence of the IWD in the vegetated
FIGURE 2

Grids of the numerical model.
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channel on the evolution process of the dam-break flood. These

points were selected upstream, and downstream of the vegetated

area, in the longitudinal direction, at the middle position of the

vegetated area, and the middle position of the main channel in the

transverse direction (Figure 1). The time-course curves of water-

level change at the characteristic points on the left and right bank

sides were almost identical; thus, only one side of the water-level

change process was considered in subsequent analysis. The time-

course curves of water-levels at characteristic points in the middle of

the channel and on the riparian side upstream of the vegetated area

are shown in Figure 4.

With the increase in the downstream channel’s initial water

depth (IWD), the surface velocity gradually decreases, and the

distribution range of higher velocities also gradually decreases.

The reason is that the routed water, after entering the channel, is

influenced by the IWD, gradually transferring its kinetic energy to

the channel’s initial water. Simultaneously, the water-level of the

downstream channel rises, and the potential energy increases,

further reducing the water body’s kinetic energy and causing the

downstream channel’s flow rate to decrease. The velocity

distribution from the foremost to the upstream velocity during

the evolution of the dam-break water shows an intermittent

distribution rather than a linear change influenced by the IWD of
Frontiers in Marine Science 05
the channel. Without IWD in the downstream channel, the surface

velocity shows linear changes, and the velocity distribution’s

intermittent characteristics become more pronounced with an

increase in IWD. The arrival times of the dam-breaking water to

the designated locations under different conditions were 1.05, 1.45,

1.56, and 1.62 s. Thus, with the gradual increase of the IWD in the

downstream channel, the arrival time of the dam-breaking water

progressively lengthens.

In the vegetated channel, the effect of vegetation is not apparent

until the dam-break flow reaches the vegetated area. However, the

water-level shows significant congestion after reaching the

characteristic point. This congestion occurs because riparian

vegetation reduces the lateral effective overland flow area of the

channel. Based on the principle of conservation of cross-section

velocity, the cross-section’s overland velocity or vertical height

adjusts accordingly. Although vegetation alters the overland flow

area, its drag force effect slows the velocity in the vegetated area,

causing the water-level to rise. Vegetation negatively affects wave

formation, with significant waves occurring only at hd = 0.3 m. The

pattern of water-level change along the centerline of the river is

similar to that along the riverbanks.

The process of water-level change within the vegetated area and

at the characteristic points downstream of the vegetated area was

explore to further analyze the influence of vegetation and IWD on

dam-break water evolution (Figure 5).

The water-level fluctuation law of dam-break flow resembles the

patterns observed upstream of the vegetated area once it enters this

zone. Both scenarios demonstrate that the dam-break wave intensifies

with an increase in the IWD within the channel. A downstream

channel water cushion layer of 0.3 m becomes noticeable as the wave

peak emerges. As the IWD in the downstream channel increases, the

duration required for the dam-break water to reach the characteristic

point lengthens while the congestion time shortens. A similar pattern

of change manifests along the centerline of the main channel and the

vegetated area. Figures 5A, C, E, G reveal that the dam-break wave

becomes more pronounced as the characteristic point moves

downstream, particularly during the second and third wave peaks

following the initial wave. Riparian vegetation also influences the

evolution of dam-break waves, especially in the vegetated area. The
FIGURE 4

Time-course curve of water-levels at characteristic points upstream of the vegetated area (A) 1-1; (B) 1-2.
FIGURE 3

Comparison of numerical simulation and experimental data.
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congestion timing in the vegetated area occurs later than in areas

devoid of vegetation, becoming progressively more noticeable as

feature points near the downstream. In the main channel,

congestion timing is primarily influenced by IWD rather than

vegetation, although vegetation primarily affects the amplitude of

water-level fluctuations.
Frontiers in Marine Science 06
3.2 Analysis of dam-break water
velocity distribution

The surface velocity of the dam-break flow effectively reflects its

motion characteristics. In this work, the surface flow field structure

when the water reaches the characteristic position (position 3-2 on
FIGURE 5

Time-course curves of water-levels in vegetated areas and downstream characterization points, (A) 2-1; (B) 2-2; (C) 3-1; (D) 3-2; (E) 4-1; (F) 4-2;
(G) 5-1; (H) 5-2.
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the centerline of the river) is analyzed under varying

conditions (Figure 6).

As the channel’s IWD increases, the surface velocity gradually

decreases, and the distribution range of higher velocities also

decreases. This reduction occurs as the dam-break water flows

into the downstream channel, transferring the kinetic energy to the

bedding layer. In addition, a rise in water level, influenced by the

bedding layer, increases the potential energy, further reducing the

water body’s kinetic energy and leading to a gradual decrease in

downstream velocity. The velocity distribution from the front end

to the upstream during the dam-break water evolution exhibits an

intermittent distribution and nonlinear change influenced by the

channel’s IWD. In the absence of IWD, the downstream channel

displays linear changes in surface velocity. However, with increased

IWD, the intermittent characteristics of velocity distribution

become more pronounced. The arrival times of the dam-break

flow at designated locations under different conditions were 1.05,

1.45, 1.56, and 1.62 s. As the downstream channel’s IWD increases,

the dam-break flow’s arrival time correspondingly lengthens.

When vegetation exists on both sides of the downstream

channel, a noticeable fluctuation in velocity upstream of the

vegetation zone indicates the formation of a dam-break wave

upstream. Weak vertical fluctuations occur as the dam-break

water enters the vegetation zone, and the velocity distribution

exhibits wave-like changes. Vegetation significantly impacts the

velocity within the main channel, demonstrating a nearly linear

distribution pattern. This effect is due to the vegetation drag force

reducing the velocity within the vegetation area, while the

horizontal scale wake vortices produced by the vegetation also

influence the water, decreasing the velocity while maintaining a

certain degree of volatility. Based on the continuity equation, a

decrease in velocity within the vegetation area necessitates an
Frontiers in Marine Science 07
increase in velocity in the main channel to balance the cross-

sectional flow. Additionally, the water in the channel is

significantly affected by congestion. The arrival times of the dam-

break flow at specified locations under various conditions are 1.06,

1.43, 1.56, and 1.62 s, indicating that vegetation in the downstream

channel does not significantly affect the arrival time of the dam-

break flow.

The evolution of dam-break water velocity and the structure of

the surface flow field when the first peak of the water reaches the

centerline of the river at position 3-2 (the middle of the longitudinal

direction of the vegetated area), are analyzed. The rapid increase

phase’s final moments in water level are considered the first peak

when the first peak is not apparent. The surface velocity distribution

is depicted in Figure 7.

When the first peak reaches the characteristic position, some

water flows out of the vegetated area. The larger velocity values

primarily occur before the first peak, particularly when the

downstream channel lacks water. As the IWD gradually increases,

the velocity corresponding to the first peak decreases due to the

momentum exchange between the downstream water mat and the

dam-break water, causing a gradual decrease in longitudinal

velocity. The velocity progressively increases from the first peak

toward the downstream channel, and the velocity still displays

intermittent distribution from the first peak to the upstream

reservoir area due to the periodic change of the dam-break wave

after the first peak. When vegetation is present in the channel, the

observed pattern persists, but the difference is that the velocity

distribution in the channel’s center is not uniform and shows a

bifurcated distribution. This occurs because the water in the non-

vegetated area of the main channel spreads to both sides of the

channel after exiting the vegetated area, deflecting the water

flow rate.
FIGURE 6

Cloud view of surface velocity distribution as the dam-break water reaches the characteristic lo-cation, (A) case1; (B) case2; (C) case3; (D) case4; (E)
case5; (F) case6; (G) case7; (H) case8.
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FIGURE 7

Cloud view of velocity distribution as the first peak reaches the feature location, (A) case1; (B) case2; (C) case3; (D) case4; (E) case5; (F) case6;
(G) case7; (H) case8.
FIGURE 8

Rise time hysteresis coefficient variation curve, (A) arrival time for 3-1 and 3-2; (B) rise time stopping factor for 3-1 and 3-2; (C) arrival time for 5-1
and 5-2; (D) rise time stopping factor for 5-1 and 5-2.
Frontiers in Marine Science frontiersin.org08
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3.3 Analysis of the temporal characteristics
of dam-break water

Based on the preceding analysis, vegetation affects the

evolution of dam-break flow, manifesting in variations in the

rise and fall times of the dam-break flow within both mainstream

and vegetated areas. If the arrival time of the dam-break flow at a

measurement point, tsp, in a channel with vegetation exceeds the

arrival time at the same location, tsn, without vegetation,

vegetation impedes the flow’s evolution at that point. In

contrast, a shorter arrival time indicates an accelerating effect on

the dam-break flow. The rise time hysteresis coefficient, wst, is

introduced to systematically evaluate the effects of vegetation and

water depth in the channel substrate on the dam-break water’s

evolution characteristics, as calculated in Equation 10.

wst =
tsp − tsn
tsn

(10)

where tsp is the time at which the dam-break water reaches a

gage point in the downstream channel when vegetation is present;

tsn is the time at which the dam-break water reaches the same gage

point in the downstream channel when vegetation is not present.

If wst > 0, it indicates that vegetation has a stagnant effect on the

dam-break water evolution at that measurement point; if wst < 0, it

indicates that vegetation accelerates the dam-break water evolution

at that measurement point.

The interior and the back side of the vegetated areas were

selected to analyze the retardation effect of vegetation in two

typical locations:

As shown in Figure 8, the time required for water to reach a

fixed position is generally longer when vegetation on both sides of

the channel than without vegetation, especially when no water

bedding is present in the downstream channel. This indicates that

vegetation along the channel margins obstructs the evolution of

dam-break water. In contrast, at the channel’s centerline, the arrival

time of dam-break flow amid vegetation is less than without

vegetation, indicating an accelerating role in the evolution of the

dam-break flow from the centerline of the vegetated channel. This

phenomenon occurs because the drag force exerted by the

vegetation reduces velocity at the edges and increases it in the

middle. Further analysis of the rise time hysteresis coefficient across

different cases reveals that it is generally positive in the center of the

vegetation area, decreasing as the depth of the channel’s bedding

layer increases. This reduction reflects a diminishing hysteresis

effect of vegetation, closely related to the channel underlayment,

which lessens as the underlayment deepens. At the channel’s

centerline, vegetation accelerates the evolution of dam-break

water, and the effect is minimal with the change of the

downstream channel bedding layer.
4 Conclusion

This study employs the RNG k-e turbulence model to

characterize the evolution of landslide lake breaching water at
Frontiers in Marine Science 09
varying undercutting depths in a vegetated channel. The

conclusions are as follows:
1. The water bedding layer substantially affects the evolution of

dam-break flow in the downstream channel. As the

downstream channel’s IWD increases, the dam-break wave

is more likely to form, its amplitude rises, and the time for the

rapid congestion of the dam-break flow decreases. Vegetation

significantly contributes to congestion in the water-level

upstream of the vegetated area and the main channel.

2. Surface velocity decreases as the IWD of the downstream

channel increases, and the extent of large velocity distribution

narrows. When there is no IWD in the downstream channel,

the velocity exhibits linear changes. As the IWD in the

downstream channel increases, the velocity distribution

gradually shows a distinct intermittent pattern.

3. Vegetation in the downstream channel slows the evolution

of dam-break water in the vegetation zone, and this effect

diminishes with increasing IWD in the channel. In contrast,

the downstream channel vegetation specifically accelerates

the evolution of dam-break water along the centerline of the

main channel, and this effect is independent of the lower

bedding layer.
This study briefly analyzes the evolutionary process of dam-

break flow during the collapse of a landslide lake. However, it does

not investigate objects such as sand and gravel carried by the water

during the collapse. Therefore, further examination of the

evolutionary siltation process in the presence of different types of

objects within the water body could be performed subsequently.

Although the conclusions of this paper are drawn from a

generalized model, they still offer valuable theoretical references

for the actual management of landslide lakes.
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