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River blockage and dam break usually occur in mountainous areas with many

valleys, and are frequent and extremely harmful natural disasters. With the

construction of infrastructures in mountainous areas, the demand for disaster

prevention and control has been further increased. Based on an innovative

flumemodel for simulating whole process of river blockage and dam break, the

present study carried out eight groups tests under different inflow rates. In the

analysis, the whole process of river blockage and dam break was divided into

four stages: ESBA (Early stage of blockage), LSBA (Late stage of blockage), ESBK

(Early stage of breaking) and LSBK (Late stage of breaking). By analyzing the

relationship betweenQin andQmax, it is found thatQmax shows an overall trend

of increasewith the increase ofQin while some contrarily decreasingQmax cases

exist whenQin slightly increases. The cases of irregularities may come from the

inflow condition impact and randomness during the dam formation process. In

addition, the slope of the curve Qin–Qmax/Qin parameter shows a decreasing

trend with the increase in the median particle size of the soil. The present study

proposes a new method for model experiments, providing new ideas for

subsequent model experiments. Furthermore, these conclusions can provide

reference for disaster prevention and mitigation in mountainous areas.
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Abbreviations: a, a fitting parameter in Equation 6; B, partial regression coefficient; Beta, standard
regression coefficient; d50, the particle size when the cumulative particle size distribution percentage
reaches 50%; Hd, Dam height, the dam’s geometry is random due to particle collision and other
reasons during the sliding movement of the soil, and there are slight differences in dam height under
different initial parameters; kd, downstream slope ratio; ku, upstream slope ratio; Ld, Dam length; Lmax,
The highest water level in front of the dam; P, Significance;Qin, Inflow rate, initial parameter manually
set at the beginning of a test;Qmax, The maximum discharge of the breach; Std. Error, standard error;
t0, The moment when the landslide slides into the main channel just after it stabilizes; t1, The moment
when the flow just overtops; t2, After the dam breaks, the upstream water level just drops to 8 cm,
which refers to the end of breaking; T, results of t-test on regression coefficients; Tb, Breaking time, the
breaking time is the difference between t2 and t1, and the formula to calculate this is Tb = t2 - t1; Ts,
Water storage time, the water storage time is the difference between the timewhen thewater flow just
overtops and the time when the landslide just stabilizes after sliding into the main channel, and the
formula to calculate this is Ts = t1 - t0; Vl, the maximum volume of the dam lake; Vd, Dam volume; VIF,
Variance Inflation Factor; Wd, Dam width.

Frontiers in Earth Science frontiersin.org01

TYPE Original Research
PUBLISHED 10 January 2023
DOI 10.3389/feart.2022.977246

https://www.frontiersin.org/articles/10.3389/feart.2022.977246/full
https://www.frontiersin.org/articles/10.3389/feart.2022.977246/full
https://www.frontiersin.org/articles/10.3389/feart.2022.977246/full
https://www.frontiersin.org/articles/10.3389/feart.2022.977246/full
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2022.977246&domain=pdf&date_stamp=2023-01-10
mailto:xuwl@scu.edu.cn
https://doi.org/10.3389/feart.2022.977246
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2022.977246


KEYWORDS

landslide dam, inflow rate, breach discharge, damgeometry, river blockage, dambreak

Introduction

Due to natural disasters, such as earthquakes, rainstorms,

typhoons and melting glaciers, destructive landslides or debris

flows can easily form near mountain valleys (Coussot and

Meunier, 1996; Cruden, 2005; Sassa, 2007; Chae et al., 2017;

Chen et al., 2022). These material sources would very likely

block river channels, causing these to stop flowing and form

natural dams (Costa and Schuster, 1988; Fan et al., 2020;

Zhong et al., 2021). The water volume of these resulting

dammed lakes would gradually increase over time, and the

threat to downstream human infrastructures and life would be

self-evident.

Research on whole process of river blockage and dam

break has been the basis and focus for solving the above

problems. Research in this area has been mainly carried out

from the perspective of field observation, model test,

numerical simulation and theoretical analysis. Present

studies generally divide the continuous process of river

blockage and dam break into independent researches on the

formation process of blocked rivers and its process of

breaking. Recent developments in the field of formation

process of river blockage have led to a renewed interest in

the statistical analysis of field research data. Fan et al. (2014)

developed an empirical method to predict coseismic landslide

dam formation using landscape parameters obtained from

digital elevation models. Chen and Wu. (2018) take Xinmo

landslide for example, studied the post-failure behavior of the

landslide using two-dimensional discontinuous deformation

analysis (2D DDA). Li et al. (2020) proposed a discrete

element simulation model to predict the geometry and

formation process of landslide dams. In addition, Zhao et

al. (2019b) and Wu et al. (2020) have explored the formation

mechanism through model tests and numerical simulations.

However, the results in this regard remains relatively lacking.

For researches on whole process of river blockage and dam

break, a large part of these researches adopt the method of

combining the model test and theoretical analysis. The reason

is because the model test can reproduce the actual block and

break process in a small-scale model, allowing researchers to

summarize the physical mechanism similar to the prototype.

Rapid progress has been taken in the recent 30 years in the

field of the experimental study on landslide dams. Coleman et

al. (2002) made a detailed exploration of the overtopping

process of homogeneous noncohesive embankments using

model test. Awal (2008) identified the mechanism of

landslide dams failure under different breaking modes

through model tests. Schmocker and Hager. (2009) carried

out a series of overtopping breach tests and indicated definite

minimum dimensions for both the dike height and width,

sediment diameter and overtopping discharge. Nian et al.

(2020) proposed a dimensionless River Blockage Criterion

(RBC) to judge the formation of landslide dams based on a

series of model tests. And (Peng et al., 2021) investigated the

breaching mechanisms of landslide dams composed of

different materials under surge waves. However, the

forming or breaking mechanism presents to be

heterogeneous and highly test condition dependent, which

greatly restricts the extrapolation. Although there are many

reports in the above literature on the outcome of simple flume

experiment, most are restricted to geometric similarity.

Therefore, in recent years, there are a large number of

published studies (Hanson et al., 2002; Höeg et al., 2004;

Morris et al., 2007; Sheng-shui et al., 2014; Zhao et al.,

2019; Li et al., 2021) that describe the landslide dam’ failure

mechanism using large-scale field models or centrifugal

models. Although the cost of this kind of experiment is

high, this can better meet similar conditions, and the

obtained test results are more similar to the prototype

phenomenon, making this a better research method. Other

approaches were performed through the establishment of the

mathematical and physical model of a dam, and a high-

performance computer simulates the dam breaking process,

including the evolution process of breaches and floods

(Cristofano, 1973; Fread, 1988; Chang and Zhang, 2010;

Liu, 2018; Luo et al., 2019; Ruan et al., 2021; Tian et al.,

2021; Zhang et al., 2021). However, these models have high

simulation accuracy only when the input parameters are

sufficiently large and accurate (Zhong et al., 2021).

In view of all that has been mentioned so far, one may

suppose that a phenomenon or mechanism of river blockage

or dam break is explained in depth. However, the above

research has tended to focus on only one part of the whole

process of river blockage and dam break rather than the

continuous whole process. These studies have not able to

convincingly confirm the relevance between model and

prototype. The key issue is that the actual whole process of

river blockage and dam break contains a number of

uncertainties. First, the uncertainty of the occurrence time

of natural disasters can lead to the triggering of landslides or

debris flow that block the river, and this uncertainty puts

forward more urgent time requirements for the prevention

and control of such disasters. Second, after a landslide or

debris flow forms, it is difficult to accurately predict whether

and how the river would be blocked. Third, after the dam is

formed, the breaking mode and the location of the breach have

strong randomness. Finally, under the action of these above-

mentioned random events, the outburst flood process would

cause great changes. These suggests that a more realistic and

continuous model test may lead to a more consistent
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conclusion with the actual prototype. Therefore, we developed

a model that simulates the whole process in order to explore

more valuable conclusions.

In addition, the impact of river flow on dam formation and

break is a critical and interesting issue. The impact of the

inflow on whole process of river blockage and dam break has

strong uncertainties. For the same river, the flow may greatly

vary at different time points of the year. For example, in the

Jinsha River in China, where river blockage events frequently

occur, the flood season from June to October accounts for

74–81% of the annual water volume (Wang et al., 2022). As a

results, the consequences and prevention methods of river

blockage events in different periods would be quite different.

And the flow rate and water depth of the river would also affect

the size of the formed dam (Chen et al., 2019). Therefore,

considering only the inflow rate, there are a number of

uncontrollable factors involved in the overall blockage and

breakage process, and it would be difficult to fully grasp the

key mechanism of the inflow rate on the whole process of river

blockage and dam break. However, in recent years, some

scholars have investigated the influence mechanism of

inflow rate on the breaking process of natural dams

through small-scale model tests. Xu et al. (2013) considered

that the upstream inflow is the main factor that impacts the

dam-break process through model tests with three groups of

different inflow rates. Yang et al. (2015) investigated the

change process of a breach under four different inflow

rates. Zhou M. et al. (2019) concluded the relationship

between the inflow rate and peak discharge of a breach

through three groups of different inflow rates. These studies

have carried out in-depth explorations on the impact of

different flow rates on the breaking process, but the initial

conditions were set too ideally. For example, the shape of the

dam body have a fixed shape, the gradation was uniform, and

FIGURE 1
Experimental setup.
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the influence of water flow on the formation of the dam body

was ignored. Based on some defects in the above tests,

conducting the whole-process tests under different inflow

rates are not only helpful to verify the reliability of

previous research conclusions, but also to further explore

the mechanism from a new perspective.

In summary, there are many uncertain factors in whole

process of river blockage and dam break. Considering that the

initial input quantity, such as initial hydrodynamic conditions,

topographic conditions and provenance conditions, can be

regarded as a definite initial quantity, the breaking flood flow

and the change process of upstream and downstream water

levels are correlated to the risk of this disaster chain. The

present study used the newly developed model for the whole

process of river blockage and dam break to explore new

research methods for whole process of river blockage and

dam break. In addition, under the condition of changing the

initial inflow rate, the present study investigated the influence

and internal mechanism of input parameters (inflow,

topography, provenance, etc.) on output parameters (breach

discharge, water level, etc.).

Methods

Model design

The experimental model is presented in Figure 1. The width

and slope of the main channel, and the width and slope of the

slope channel was adjusted according to the requirements. For

the main channel, the length was 10.0 m, the height was 0.8 m,

the width was adjusted between 0.1 m and 1.5 m, and the slope

was adjusted between 1° and 15°. In the present experiment, the

width was 30 cm and the slope was 1° for the main channel, while

the width was 0.5 m, the height was 0.6 m, the length was 3.5 m,

and the slope range was adjusted within 20°–70° for the slope

channel. Furthermore, in the present experiment, the slope was

45°, the landslide material was stored in the material tank on the

slope channel, and the maximum storage volume of the material

tank was 0.3 m3. Furthermore, the mass of the landslide source

was fixed at 80.0 kg. The water supply system included the

laboratory water supply facilities, a pool with a constant water

level, a forebay, a submersible pump set, and a control system.

The storage capacity of the pool with a constant water level was

10.0 m3, and the maximum storage capacity of the forebay can

reach up to 5.0 m3. When the laboratory water supply facility

filled the pool up to the constant water level, the excess water

flowed back to the large underground pool of the water supply

facility after filling. Hence, the water level of the flat pool

remained unchanged. The submersible pump set included

three types of submersible pumps: six large water pumps with

a maximum flow rate of 2 L/s, eight medium water pumps with a

maximum flow rate of 1 L/s, and eight small water pumps with a

maximum flow rate of 0.5 L/s. The pump set was fixed at the

central position of the forebay, and the control system was used

to integrate and control the switches of each water pump. The

designed output flow range was 0.5–24.0 L/s. Due to the energy

loss in the pumping process, the output flow was attenuated by

40%, and the actual output flow range was within 0.3–14.4 L/s.

During the experiment, the water level was measured using

an ultrasonic ranging system. The ultrasonic wave was

reflected after encountering the water surface. The

measurement accuracy was high, and the maximum

measurement frequency was 60 Hz. The phenomenon of the

whole process of blocking and breaking was captured using a

high-speed camera, as presented in Figure 1.

Materials

Grain size distribution has a great influence on whole process

of river blockage and dam break. In order to make the gradation

as consistent as possible with the actual situation, a wide-graded

soil was used. Furthermore, in order to prevent more serious

seepage phenomenon, fine particles were also present in the soil

to fill the pores, allowing the experimental soil to have low

permeability. The grain size distribution for the present

experiment is presented in Figure 2.

In traditional dam model experiments, researchers usually

design the shape of the dam (dam height, dam width, etc.) in

advance, and most of these are two-dimensional models. In order

to achieve the design effect, the compaction of the dam body may

FIGURE 2
Grain size distribution.
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be unintentionally affected, and the stacking method used is

usually manual stacking or simple tool-assisted stacking,

resulting in some errors. In the present study, the project of

building a dam was abandoned in the experiment, and the initial

parameters (mass, gradation, etc.) of the soil were entered to the

designed landslide device. The landslide dam was formed by the

sliding soil from the slope channel, which had authenticity and

three-dimensionality. For example, the designed dam body is

often a trapezoid or triangle with clear edges and corners (Figure

3A), but the actual accumulation geometry is irregular (Figures

3C,D). Comparing Figures 3B–D, we can see that the geometry of

the naturally sliding landslide dam is more consistent with the

prototype while the artificial dam is not.

For the random phenomenon of dam formation during the

test, the dam geometry was calibrated in advance. The dam

geometries measured in three tests under the same conditions

are presented in Table 1. The dam’s geometry in the three

pretests is presented in Figure 4. It can be observed that the

change in shape was relatively small. Furthermore, since the

dam’s geometry has influence on the experiment, and the dam

height is an important parameter to control the process for

breaking, the influence of the dam’s height on the dam’s

geometry on the whole process of blocking and breaking

was considered for the present study.

Costa and Schuster (1988) reported that the potential

energy of water is an important parameter that affects dam

breakage and flooding, and is correlated to the storage

capacity of the impoundment (Vl). After field

investigations, Korup (2004) considered that dam height

(Hd) and dam volume (Vd) are the two key variables that

can be used to assess the dam stability, and determine whether

this would induce flood risk. Subsequently, Peng and Zhang

(2012) proposed a set of dimensionless numbers, (Hd
Wd
,

V1/3
d

Hd
andV

1/3
1

Hd
),which can be used to define the geometric

features of landslide dams and lakes. In order to verify

whether experimental model dams can represent real

landslide dams, Zhou G. G. D. et al. (2019) counted the

dimensionless coefficients of 80 landslide dams from

different regions of the world, and proposed that when the

dimensionless numbers of a model experiment are close to the

FIGURE 3
Comparison of experimental landslide dams and prototypes: (A) manual stacked dam; (B) natural sliding dam in this paper; (C,D) are
photographs of landslides blocking river.
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actual, the experiment models can be considered to represent

real landslide dams. This conclusion helps to check whether

the dimensions in the model experiment can meet the actual

situation. Jiang et al. (2020) applied this conclusion in his

research, proving that his model can satisfy the scale effect.

Therefore, the model designed for the present experiment

comprehensively considered these parameters, and these key

parameters were measured in multiple pre-experiments. The

specific parameters are presented in Table 1. All parameters

were within the feasible range (Zhou M. et al., 2019). This shows

that the model, material and hydraulic properties of the present

experiment can meet the actual situation.

Experimental procedure

The only initial variable in the present experiment is the

inflow rate of the main channel. In order to simulate whole

process of river blockage and dam break, the present experiment

did not carry out human intervention after setting the initial

TABLE 1 Dam body parameters.

Hd (m) Wd (m) Ld (m) Vd (m3) Vl (m
3) ku kd

Hd
Wd

V1/3
d

Hd

V1/3
l

Hd

1 0.1900 1.2250 0.30 0.03 0.0684 0.59 0.53 0.16 1.64 0.33

2 0.1950 1.3000 0.30 0.03 0.0702 0.50 0.43 0.15 1.59 0.32

3 0.1720 1.1950 0.30 0.03 0.0619 0.53 0.60 0.14 1.81 0.33

Mean 0.1857 1.2400 0.30 0.03 0.0669 0.54 0.52 0.15 1.67 0.33

FIGURE 4
Damgeometry comparison: (A-C) are dam geometry obtained in three pre-experiments under the same conditions. All units are in centimeters.
The sliding direction of the landslide along the horizontal direction is the same as the positive direction of the x-axis, the water flow direction is the
same as the positive direction of the y-axis, and the exit position of the landslide into the main channel is between y = 50 and y = 60.
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parameters. The specific implementation process for the present

experiment is, as follows:

(1) Clarify the initial conditions of the test;

(2) Initially place the preset landslide soil into the bearing device

of the side slope, and turn on the pump set to make the river

flow meet the preset flow;

(2) Arrange ultrasound sensors in the river to measure the

upstream and downstream water levels;

(4) Arrange high-speed cameras around the model to measure

the process of the landslide movement, the blocking process

of the dam body, and the breaking process of the dam;

(5) After the measuring device is arranged and the river flow is

stable, release the landslide;

(6) Wait for the end of the test, the sign at the end of the test is,

the dam height is reduced to 1/2 of the maximum dam

height.

Results and discussion

General description of whole process of
river blockage and dam break

The test arrangements and results are presented in Table 2.

In determining the breaking flow, the water balance equation

is usually used to calculate the breach discharge, especially in

model experiments and numeral calculations (Zhong et al.,

2021). The simplified calculation equation used for the present

study is, as follows:

Qout � −AdLw

dt
+ Qin (1)

where Qout refers to the flow discharge, and can be considered as

the breach discharge (due to the characteristics of the dam

material, the influence of the seepage discharge on the

calculation is ignored); Qin refers to the inflow rate; A refers

to the lake area; Lw refers to the upstream water level. Since the

slope of the main channel is 1°, the variation of A with time is

relatively low. In order to simplify the calculation in the absence

of large errors, A is regarded as a constant. Lw can be obtained by

the ultrasonic sensor, Qin is a designed constant quantity, then

the breach discharge can be calculated according to Eq. 1.

The variation process of the upstream water level and

breach discharge with time is presented in Figure 5. According

to the upstream water level, breach discharge, and actual

observation results, the whole process of blocking and

breaking was divided into four stages.

(1) Early stage of blockage (ESBA): At this time, the landslide

has not blocked the main channel, the upstream flow is

stable, and the water level at the measuring point remains

unchanged, as shown in Figure 6A;

(2) Late stage of blockage (LSBA): At this time, the landslide

just blocks the river, there is no discharge for the time being,

and the upstream water level gradually increases, as shown in

Figure 6B;

(3) Early stage of breaking (ESBK): At this time, the

overtopping water flow gradually erodes the dam crest,

forming a breach, which gradually expands, and the

breach discharge gradually increases and reaches a peak

value, as shown in Figure 6C;

(4) Late stage of breaking (LSBK): At this time, the shape of the

landslide dam slightly changes, and the breach discharge gradually

decreases to the initial inflow rate, as shown in Figure 6D.

Effect of Qin on Qmax

The relationship between Qin and Qmax was drawn, as shown

in Figure 7, and the test data was fitted. The fitting formula is, as

follows:

Q max � 4.92 + 2.15Qin (2)

where Qin refers to the inflow rate (L/s) and Qout refers to the

breach discharge (L/s). In the formula, R2=0.81, indicating that

Qmax andQin have a high linear correlation. In the whole process,

Qmax increased with the increase in Qin.

TABLE 2 Test arrangements and results.

Test number Qin (L/s) Hd (m) Ts (s) Tb (s) Lmax (m) Qmax (L/s)

1 1.18 0.1700 350 193 0.1869 7.13

2 1.81 0.1678 219 114 0.1811 9.75

3 2.47 0.1650 146 169 0.1918 8.83

4 3.00 0.1745 132 97 0.1912 13.15

5 3.68 0.1681 94 116 0.1939 10.61

6 4.26 0.1900 101 129 0.2139 15.73

7 4.89 0.1761 76 142 0.2048 14.21

8 5.16 0.1842 73 120 0.2112 16.67
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FIGURE 5
The upstream water level curve and the breach discharge curve at different stages: (A-H) expressed the water level and breach discharge
process under different flow rates, respectively.
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The relational expression of Lw’ can be obtained from Eq. 1:

L′
w � dLw

dt
� Qin − Qout

A
(3)

whereLw refers to the upstreamwater level (cm) and L′w refers to the

upstream water level growth rate (cm/s). In Eq. 3, it can be observed

that the overall reason for the increase in Qmax with the increase in

Qin is that a largerQin can increase L′w. This causes in the water level

to be flow faster as it rises and flow slower as it falls.

A larger Qin would cause the upstream water level at have a

higher value when the flow just overtops, and this would have a

higher flow area during the rising stage of the water level at ESBK.

For the soil erosion rate in Eq. 4 (Hanson and Simon, 2001), it can be

observed that a larger flow area would speed up the erosion process

of the dam body, thereby shortening the breaking duration.

E � Kd(τ − τc) (4)

where E refers to the soil erosion rate (mm3/m2-s),Kd refers to the

material property of the soil, and τ refers to the water flow shear

force. The magnitude of the water flow shear force is positively

correlated to the wet circumference.

Due to the rapid widening of the breach and slow drop in

water depth, the outflow area would rapidly increase and become

larger. According to experience and based on Eq. 5, this is often

used to calculate the breach discharge in a dam breach model

(Singh and Scarlatos, 1988). It can be observed that this case

tends to have a larger peak discharge.

Qout � 1.7[B + hb tan α]h3/2b (5)

where: B refers to the width of the bottom of the breach, hb refers

to the depth of the breach, and α refers to the angle of the side

slope. B, hb and α would gradually change with the erosion of the

FIGURE 6
The four stages of the whole process of river blockage and dam breaking: (A) early stage of blockage; (B) Late stage of blockage; (C) Early stage
of breaking; (D) Late stage of breaking.

FIGURE 7
The relationship between Qin and Qmax.
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breach through the overtopping water flow. This is the

fundamental reason that drives the change in breach discharge.

In summary, the influence of the increase in Qin in the whole

process mainly lies in two aspects. On one hand, the upstream

water level at the beginning of ESBK would have a high value,

resulting to a higher flow area during the rising stage before

breaking. On the other hand, a larger flow area would accelerate

the erosion process. In addition, Walder et al. (2015) explained

that Qmax is an increasing function of initial water level through

some theoretical analysis on a series of model tests. Therefore,

combined with the experimental phenomenon, it can be

observed that a higher water level and a faster erosion process

causes the peak discharge to arrive earlier and become larger.

The investigators also considered that this is what

contributed to the conclusion that the dimensionless peak

discharge (Qmax/Qin) decreases with the inflow rate (Zhou M.

et al., 2019). In the present study, the investigators fitted the

relationship between Qin and Qmax/Qin, and compared this with

previous studies. The fitting equation is presented in Eq. 6, and

the fitting result is presented in Figure 8.

Q max/Qin � a(Qin − b) (6)

where a and b represent the fitting parameters, respectively. It

was found that parameter a is correlated to d50. As observed in

Figure 9, a decreased as d50 increased. This shows that the breach

evolution of soil with a larger d50 would be more sensitive to the

influence of the inflow rate. For example, for Curve3 in Figure 8,

the Qmax/Qin decreased more when the same Qin increased.

Effect of Qin and Hd on Qmax

Although Qmax increased with the increase in Qin in the

whole process, it was observed in Figure 7 that when the inflow

rate only changed within a small range and Qin increased, Qmax

did not necessarily increase. This result was mainly caused by the

randomness of friction and collision during the movement of soil

particles during the sliding of the landslide. The short-term

process of a landslide blocking the main channel to form a

dam is shown in Figure 10. Dams with different shapes would

lead to different subsequent processes. Hence, Qmax may not

necessarily increase with the increase in inflow rate. However, the

above phenomenon would only occur when the inflow rate

changes in a relatively small range, because the dam height

changes caused by randomness are limited. Therefore, when

the inflow rate increases to a sufficient level, Qmax would increase

with the increase in Qin.

It would be relatively one-sided to only analyze the effect

of Qin on Qmax. Furthermore, it is given that multiple linear

regression can help to analyze the relationship between

multiple independent variables and dependent variables

(Andrews, 1974; Aiken et al., 2003; Uyanık and Güler,

2013). In order to explain the influencing factors of Qmax,

multiple linear regression was used to determine the effect of

FIGURE 8
The relationship betweenQin andQmax/Qin. In order to avoid
the influence of different dam heights, only four sets of data with
the closest dam height are selected.

FIGURE 9
The relationship between d50 and a.
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Qin and Hd on Qmax. The analysis results are presented in

Table 3, and the regression equation is presented in Eq. 7:

Q max � −25.25 + 1.37Qin + 1.88Hd (7)

in this model, the interpretation degree of Qin and Hd to Qmax is

R2=0.93, which is higher than the interpretation degree for Qin to

Qmax. It is noteworthy thatQin andHd can predictQmax very well.

The coefficient ofHd was 1.88, and the coefficient ofQin was 1.37,

indicating that the increase inQmax per unit of increase inHd was

higher, when compared to that of Qmax for each increase in unit

of increase.

The absolute value of Beta indicates the order of importance

of the independent variables. As presented in Table 3, it can be

observed that the Beta value of Qin is slightly larger than the Beta

value of Hd. This means that the independent value Qin

contributes more to the model, when compared to Hd.

Although the significance of the constant was slightly larger

than 0.05, the significance p for all three variables was less than

0.06. This means that the independent variable coefficient is

statistically significant. The variance increase factors VIF in the

present model were all lower than 10, as shown in Table 3. This

means that there are no multiple correlations among variables.

FIGURE 10
Short-term process of landslide blocking the main channel to form a dam: (A) At t = 0 s, the landslide is about to reach the channel; (B) At t =
0.4 s, the landslide just blocked the river; (C,D) the landslide dam is formed.

TABLE 3 Multiple linear regression results.

B Std. Error Beta t p Tolerance VIF

Constant −25.254 10.325 −2.446 0.058

Inflow rate 1.366 0.387 0.573 3.529 0.017 0.529 1.890

Dam height 1.877 0.639 0.477 2.936 0.032 0.529 1.890

R = 0.95, R2 = 0.93
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Conclusion

The whole process of river blockage and dam break under

different hydrodynamic conditions was investigated in a flume

model for a range of inflow rates between 1.18 and 5.16 L/s. The

phenomenon and process of river blockage and dam break were

preliminarily demonstrated and the mechanism of how the

inflow rate influences the whole process was explored. The

main conclusions are summarized as follows:

Four stages including ESBA, LSBA, ESBK, and ESBK, can be

distinguished during the whole process of river blockage and dam

break due to significant differences in hydraulic properties. ESBA

occurs at the initial stage of blockage and gradually evolves to

LSBA when the soil accumulated dam cut off the river. It

develops to ESBK as the stored water overtops and expands

breaches. Followed by LSBK, the breach flow decreases after the

peak breach flow. Among these stages, ESBK is the most violent

period, Breaking flooding occurs at this time, and its duration

and peak flow are important factors in assessing the risk; LSBK is

the final stage in the whole process during when the change of the

dam body becomes relatively slow, and the breaking process

slows down.

The impact of Qin on Qout was explained theoretically. As is

expected, the increase in Qin will cause a relatively high upstream

water level at the beginning of ESBK and accelerate the erosion

process.Qmax shows an overall trend of increase with the increase

ofQin while some contrarily decreasingQmax cases exist whenQin

slightly increases. The multiple regression analysis forQin andHd

on Qmax explained the cases of irregularities may come from the

inflow condition impact and randomness during the dam

formation process.

The present study investigated the effect of Qin on Qmax/Qin.

The development trend of Qin-Qmax/Qin in this paper is

consistent with that in the previous dam break flume

experiment. By analyzing the soil gradation adopted in

previous flume model experiments, we found that the slope of

the curve Qin-Qmax/Qin parameter shows a decreasing trend with

the increase in the median particle size of the soil.

The multiple regression equation for Qin and Hd on Qmax

was obtained. Qin and Hd fits the Qmax multiple regression

extremely well, and the goodness of fit reached 93%. And we

found that when compared to the increase in Qmax per

increase unit Furthermore, the increase in Qmax per

increase unit of Hd was higher, when compared to the

increase in Qmax per increase unit.
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