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ABSTRACT 
 

Extreme rainfall induced debris flow is a fast-moving type of landslide 
comprising of coarse and fine materials 6 dispersed in water. This type of landslide can 
be catastrophic to an urban area. Construction of slit-type barrier 7 not only prevents 
such damage but also gives minimum environmental destruction. However, the 
performance of 8 slit type barrier against debris flows with respect to various 
parameters still remains poorly identified. This paper 9 presents a debris mobility 
analysis of slit-type debris flow barrier and the effect of various parameters on the 10 
barrier performance by using CFD program FLOW-3D. After checking reliability of the 
model, barrier performance with various parameters were 12 analyzed. The parameters 
in the study considered grain size, sediment concentration, initial velocity, volume, 13 
height, and slit ratio. The results showed reasonably correlated relationships between 
some parameters and debris 14 flow mitigation by the barrier which can be contributed 
to an optimum design of debris flow barrier.  
  

1. Introduction 
 

Debris flow refers to the geological phenomenon of transporting suspended loads 
and bedloads in a mountainous terrain with significant fluid motion (Stiny 1910, Sharpe 
1938). These flows are composed of various mixtures, such as coarse materials 
(driftwoods and boulders), fines (silt and clay), and fluid (water and slurry). The debris 
composition is mainly determined by the soil characteristics of the area in which the 
flow occurs (Lister et al. 1984). Most debris flows are caused by intensive rainfall, 
earthquakes or volcanic eruptions, and can incur economic and societal damages in 
urban areas due to their rapid velocity and huge volume (Hungr et al. 1984, Hübl et al. 
2005, Jakob et al. 2005). 
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One method for controlling the consequences of this disastrous flow is installing a 
debris flow barrier that blocks the flow mass and dissipates the energy (Zollinger 1985). 
Two debris flow barrier types can be distinguished, depending on the existence of 
openings in the barrier. A closed-type barrier intercepts debris by means of blocking, 
and therefore mitigates or stops the debris flow. An open-type barrier is constructed 
with suitable openings to capture part of the flow and control the peak debris flow 
discharge by allowing a relatively small amount of debris to pass through (Takahashi 
2014). Although the open-type barrier does not capture the flow as the closed-type 
barrier does, construction of open-type barriers has increased owing to the fact that 
they are eco-friendly structures that self-clean the debris deposition upstream of the 
barrier (Zollinger 1985, Fujita et al. 2000). Among the various open-type barriers, the 
slit-type barrier has multiple vertical slits in the barrier wall, which can trap and deposit 
the debris as well as mitigate the velocity. 

Numerous researchers have investigated the performance of debris flow barriers, 
and several approaches have been developed for modeling the debris flow through the 
barrier. Armanini and Larcher (2001) theorized and experimented on the debris flow 
through a barrier with a single slit, and suggested a rational criterion for barrier design 
in order to control the bed load and its deposition. Catella et al. (2005) verified the 
model proposed by Armanini and Larcher (2001) with a four-slit barrier built in the 
Versilia River in Tuscany, Italy. Numerical models based on conservation laws have 
been proposed by several researchers, considering the behavior of sediment (Busnelli 
et al. 2001, Campisano et al. 2014), driftwood (Shrestha et al. 2012; Ishikawa et al. 
2014), and boulders (Takahashi et al. 2001; Albaba et al. 2015; Silva et al. 2016) in the 
presence of the barrier. Osti and Egashira (2008) presented a debris flow propagation 
model and its application in a case study on debris flow barrier design in Venezuela. 
Kwan et al. (2015) proposed a staged debris flow with the effects of multiple debris flow 
barriers, and compared the results to those of numerical simulations. 

However, there is still a shortage of studies focusing on the performance of the slit-
type barrier against debris flows. The behavior of debris flows with a slit-type barrier 
has mainly been discussed in terms of bed load transportation only, or the influence of 
overflow when the debris flow first hits the barrier has not been considered, which can 
significantly influence energy mitigation and trapping performance. Furthermore, debris 
flow barrier design studies considering debris flow properties are lacking. 

In this study, the effects of various parameters on fine sediment trapping and energy 
reduction using the slit-type barrier were analyzed. Numerical flow simulations were 
conducted by means of the CFD program FLOW-3D, which can consider all sediment 
transport mechanisms, such as bed load transport, suspended load transport, grain 
lifting, and grain settling (Wei et al. 2014). The reliability of the model was determined 
by comparing the numerical solution with the experimental results of Choi et al. (2016). 
The influencing parameters were largely divided into those controlling the initial debris 
flow conditions and the barrier design. It is expected that understanding the effect of 
each parameter on barrier performance can lead to optimization of the slit-type barrier 
design, which is appropriate for site-specific hydrological and geotechnical 
characteristics. Finally, the performance of slit-type barriers was discussed regarding 
two major factors—energy reduction ratio and trap ratio. 
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2. 3D numerical model setup and validation 
 

2.1 Basic equations of debris flow motion 
 

FLOW-3D is a commercially available CFD software that can simulate numerous 
flow processes and is capable of predicting free-surface flows with high accuracy (Hirt 
and Nichols 1988). The mass conservation and momentum equations of 
incompressible fluid in the model are expressed as follows: 
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The velocity components (𝑢, 𝑣, 𝑤) are in the (𝑥, 𝑦, 𝑧) coordinate directions; 
𝑉𝐹 is the fractional volume open to flow; ρ is the fluid density; 𝐴𝑖 is the fractional area 
open to flow in the i-directions; (𝐺𝑥, 𝐺𝑥, 𝐺𝑥) are body accelerations; and (𝑓𝑥, 𝑓𝑦, 𝑓𝑧) are 
viscous accelerations. 

Free surfaces are modeled based on the volume of fluid (VOF) method, a numerical 
modeling technique for tracking and locating the free surface, developed by Hirt and 
Nichols (1981). Fluid configurations are defined by the VOF function F (x,y,z,t), which 
represents the volume fraction occupied by the fluid. This function satisfies the 
following equation. 
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2.2 Sediment scour model 

The sediment transport processes, including grain lifting, grain settling, bed load 
transport, and suspended load transport, were calculated using the sediment scour 
model, one of the physics models implemented in FLOW-3D. 

FLOW-3D provides three different equations for the volumetric bed load transport 

rate of sediment 𝑞𝑖. In this study, the Meyer-Peter and Muller equation (Eq. (6)) was 
selected for the bed load transport calculation: 

 

𝑞𝑖 = 𝑐𝑖𝐵𝑖(𝜃𝑖 − 𝜃𝑐𝑟,𝑖)
1.5                           (6) 

 
where 𝜃𝑖 is the shield parameter, 𝑐𝑖 is the volume fraction of species i in the bed 

material, and 𝐵𝑖 is the bed load coefficient.  
The critical Shield parameter 𝜃𝑐𝑟,𝑖  is calculated using the Soulsby-Whitehouse 

equation (Eq. (7)), and 𝑑∗ is the dimensionless grain size, which is provided by Eq. (8) 
below: 
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where 𝜈𝑓 is the kinetic fluid viscosity, 𝑑𝑖 is the grain size, 𝜌𝑖 is the grain density, and 

𝜌𝑓 is the fluid density. 

The velocity at which the grains leave the packed bed (𝑢𝑙𝑖𝑓𝑡) and settling velocity 

(𝑢𝑠𝑒𝑡𝑡𝑙𝑖𝑛𝑔) are calculated based on the equations suggested by Winterwerp et al. (1992) 

and Soulsby (1997), respectively. 
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where 𝛼𝑖 is the entrainment coefficient of species i, and 𝑛𝑏 is the outward normal 
vector of the packed bed surface.  

The suspended load transport is calculated by solving its own transport equation:  
 

∂𝐶𝑠,𝑖

∂t
+ ∇ ∙ (𝑢𝑖𝐶𝑠,𝑖) = ∇ ∙ ∇(𝐷𝐶𝑠,𝑖)                       (11) 

 
where 𝐶𝑠,𝑖  is the suspended sediment volume concentration, 𝑢𝑖  is the sediment 

velocity, and D is the diffusivity. 
2.3 Numerical model setup 
The channel for the debris flow barrier was simply modeled, as shown in Fig. 1(a). 

The width of the modeled channel was 0.1 m and the length was 0.95 ~ 1.1 m, 
depending on the debris volume. The channel was tilted at 15 degrees. The barrier was 
located in the middle of the channel, and composed of three rectangular walls of the 
same size (Fig. 1(b)). An imaginary plane located at the end of the channel was used 
for kinetic energy analysis. The main properties of the sediment used in both models 
are listed in Table 1.  

 

 

  
(a) 3D model for debris flow barrier  (b) Design of barrier in model 

Fig. 1 Modeled channel and debris flow barrier 
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 Table 1 Input properties of sediment in 3D model 

 
2.4 Validation  
Choi et al. (2016) performed a laboratory-scale experiment on slit-type barriers and 

analyzed the roles of barrier arrangement on velocity reduction and trap ratio in debris flows. 
A simulation using the same conditions and boundary conditions as those of Choi et al. 
(2016) was performed, and the numerical solution was compared with the experimental data. 

Choi et al. (2016) used a mixture with 3.5 kg water and 1 kg Joomunjin standard sand 
(mean diameter 0.6 mm) for debris flow generation. The schematic concept of the 
experimental setup is shown in Fig. 2(a) and modeled as Fig. 2(b). The experiment was 
scaled down to 1/30 from an average barrier size in Korea, and thus the scaled width, 
channel length, and width of the barriers were 0.4 m, 1.4 m, and 50 mm, respectively. The 
barrier was located between sections 3 and 4 of the channel (Fig. 2(a)), and in order to 
consider the barrier arrangement effect, seven barrier types with different angles (Fig. 3) 
were tested. In order to measure the debris flow velocity data, two speed cameras captured 
the test particle speed, and the images were analyzed using a particle tracking velocimetry 
program. 

 

 
 
Fig. 4 displays a comparison of the experimental results of velocity reduction in the 

imaginary plane located in section 5. The velocity reduction sequence considered in the 
simulation was consistent with the experimental results of Choi et al. (2016). Furthermore, it 
supports the conclusion of Choi et al. (2016) that the V-type barrier arrangement exhibits 
higher velocity reduction than that of the P-type. Errors between the numerical solution and 
experimental data were considered to be induced by differences in the methods of 
measuring the debris flow velocity. 

Input properties Unit Value Input properties Unit Value 

Bed roughness/D50 1 2.5 Fluid density     3 1000 

Entrainment coefficient 1 0.018 Grain density     3 2650 

Bed load coefficient 1 8 Angle of repose Degree 32 

  

(a) Schematic drawing of experimental setup 
(b) Numerical model for experiment in 

[Choi et al. 2016] 
Fig. 2 Schematic concept of the experimental setup and its model 
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Fig. 4 Velocity reduction ratio in section 5 

 
 
3. Parametric study 
 

3.1 Initial condition parameters  
Grain size is the most important parameter in the sediment transport processes (Dey 

2014). The sediment transport mode and corresponding mechanism, such as bed load 
transport or grain settling, are partially dependent on the size of the grain to be 
transported (Eqs. (6)-(9)). Six simulations with different grain sizes (0.4, 0.6, 0.8, 1.0, 
1.2, and 1.5 mm) were classified into Group A in Table 2, and the influence of grain size 
on barrier interaction was explored. 

The debris flow composition, such as grain distribution and volumetric concentration, 
can influence debris flow (Whipple and Dunne 1992, Scheidl and Rickenmann 2010, 
Haas et al. 2015, Hürlimann et al. 2015). Furthermore, sediment concentration is one 
parameter for calculating the lifting rate (Eq. (8)) and settling velocity (Eq. (9)) in 
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Fig. 3 Arrangement of slit-type barriers [Choi et al. 2016] 
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sediment transport. When the debris consists of a sediment volume 𝑉𝑠 and a fluid 
volume 𝑉𝑓, the sediment concentration C by volume is defined as:  

 

𝐶 =
𝑉𝑠

𝑉𝑠+𝑉𝑓
                               (12) 

 
Two simulation sets, namely Group B and Group C (Table 2) were conducted. Group 

B represents a set of simulations for a parametric study considering different sediment 
concentrations (0.14, 0.26, 0.32, 0.37, 0.43, 0.48, 0.54, and 0.59), while Group C 
investigates the effects of sediment concentration (0.14, 0.26, and 0.43) according to 
various barrier configurations. 

Various topographical factors, such as the slope, width, and length of the upstream 
channel, as well as the slope of the outflow plain, affect the debris flow velocity 
(Bathurst et al. 1997; Takahashi 2014). The debris flow velocity is one factor of kinetic 
energy and an impelling force in the lifting process. In this study, instead of considering 
all topographical factors, the effects of flow velocity on barrier performance were 
investigated. Two simulation sets, namely Group D and Group E in Table 2, were 
analysed for evaluating the velocity effect. Group D is a set of simulations for a 
parametric study considering different initial debris velocities of debris (0, 0.5, 1, 1.5, 
and 2 m/s). In Group E, the influences of debris velocities (0, 1, and 1.5 m/s) on 
mitigation with various barrier configurations were obtained. 

Several methods have been proposed for predicting debris flow, which depends on 
the debris volume (Rickenmann 1999, Berti and Simoni 2007). In order to investigate 
the effects of the initial  
debris volume, two simulation sets, namely Group F and Group G in Table 2, were 
analysed. Group F is a set of simulations for a parametric study assuming different 
volumes (0.0005, 0.001, 0.0015, and 0.002 m3). Group G provides the results of 
simulations with different debris volumes (0.001, 0.0015, and 0.002 m3) for various 
barrier configurations. 
 

3.2 Barrier design parameters 
The backwater effect, whereby part of the debris flow that hits the barrier wall 

bounces backward and blocks the remaining flow, has a significant influence on the 
performance of a barrier with larger slit spacing than the material (Takahashi 2014). 
Furthermore, the blocking effect of barriers is closely related to the ratio between the 
opening and material sizes (Wenbing and Guoqiang 2006). Therefore, it is important to 
understand the contribution of barrier design to the mitigation effect. In this study, the 
energy mitigation and trap ratio for different barrier types were obtained, with variations 
in heights and slit ratios. The slit ratio r is calculated as 𝑟 = ∑𝑏  𝐵, where B is the 
channel width and b is the slit width (Fig. 5). The simulations in Group C, Group E, 
Group G, and Group I (Table 2) were carried out in order to determine the effects of the 
height and slit ratio on barrier performance.  

 
3.3 Barrier performance criteria 
A quantitative analysis of debris flow should evaluate hazard parameters such as 

flow velocity, thickness, and impact pressure for subsequent risk assessment. Many 
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previous researches studied the trapping effect of the barrier (Armanini and Larchers 
2001, Lim et al. 2008, Campisano et al. 2014, Choi et al. 2016). The trap effect was 
evaluated through the trap ratio M, which can be defined as the ratio of the deposited 
sediment volume (V) to the initial packed sediment volume (Vinitial):  
 

𝑀 =
𝑉

𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙
× 100(%)                         (13) 

 
 

Table 2 Simulation conditions 

Simulation 
group 

Number 
of cases 

Grain size 
(mm) 

Volumetric 
concentration 

Initial velocity 
(m/s) 

Volume 
(m

3
) 

Height 
(mm) 

Slit 
ratio 

A 6 
0.4, 0.6, 
0.8, 1.0, 
1.2, 1.5 

0.14 1.0 0.001 90 0.2 

B 8 0.6 

0.14, 0.26, 
0.32, 

0.37, 0.43, 
0.48, 0.54, 

0.59 

1.5 0.001 90 0.2 

C 90 0.6 
0.14, 0.26, 

0.43 
1.5 0.001 

10, 30, 
50, 

90, 130, 
150 

0, 
0.2, 
0.3, 
0.4, 
0.5 

D 5 0.6 0.14 
0, 0.5, 1.0, 

1.5, 2.0 
0.001 90 0.2 

E 120 0.6 0.14 0, 1.0, 1.5 0.001 

10, 30, 
50, 

90, 130, 
150 

0, 
0.2, 
0.3, 
0.4, 
0.5 

F 4 0.6 0.14 0 

0.0005, 
0.001, 
0.0015, 
0.002 

90 0.2 

G 90 0.6 0.14 0 
0.001, 
0.0015, 
0.002 

10, 30, 
50, 

90, 130, 
150 

0, 
0.2, 
0.3, 
0.4, 
0.5 

I 40 0.6 0.14 0 0.001 

10, 30, 
50, 

70, 90, 
110, 130, 

150 

0, 
0.2, 
0.3, 
0.4, 
0.5 
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Moreover, debris flow behaviour considering various energy losses has been 
analysed (Voellmy 1955, Pariseau 1980, Perla et al. 1980; McLellan and Kaiser 1984, 
McEwen and Malin 1989, Kim 2017). Using the energy reduction ratio as a 
performance criterion can provide more realistic information on the debris flow 
destructiveness. The kinetic energy of the debris flow E on an imaginary plane located 
downstream is used, which is calculated as follows: 
 

𝐸 = ∑ �̇�Δ𝑡 = ∑
1

2
�̇�𝑣2Δ𝑡 = ∑

1

2
�̇� (

�̇�

𝐴𝑤𝑒𝑡𝑡𝑒𝑑
)
2

∆𝑡               (14) 

 

where v is the flow velocity (𝑣 = �̇� 𝐴𝑤𝑒𝑡𝑡𝑒𝑑), 𝐴𝑤𝑒𝑡𝑡𝑒𝑑 is the wetted area of the imaginary 

plane, �̇� is the volume flux through the plane, and 𝑀 is the mass flux through the 
plane. 

The energy mitigation effect is calculated using the initial total energy 𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙,, which 
is the sum of the potential and kinetic energy. Then initial debris energy 𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙, and 
energy reduction ratio (U) can be expressed by Eqs. (15) and (16), respectively. 
 

𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙 =  𝑔 +
1

2
 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙

2                       (15) 

 

𝑈 =
𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙−𝐸

𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙
× 100(%)                         (16) 

 
 
4 Results and discussion 
 

Numerical simulations were performed in order to evaluate the effects of various 
parameters on barrier performance. The simulation parameters are as follows: four 
initial condition parameters (grain size, volumetric concentration, debris initial velocity, 
and debris initial volume) and two barrier design parameters (barrier height and barrier 
slit ratio). Barrier performance was evaluated by means of two criteria: the energy 
reduction ratio and trap ratio (Eqs. (13) and (16)). 

 
4.1 Effects of initial condition parameters 
Fig. 5 plots the simulated results of Group A, which considers the influence of grain 

size. A positive relationship was observed between the barrier performance and grain 
size variation, and these findings were consistent with the empirical relationship. As the 
grain size increases, the grain lifting velocity (Eq. (9)) increases, while the settling 
velocity (Eq. (10)) decreases, which enhances the quantity of trapped grain at the 
barrier. This leads to a reduction in debris density in the downstream region, and 
consequently decreases the flow energy. These results indicate that the barrier design 
should take into account the soil grain size or distribution in the region where debris 
flow occurs. 

The simulation results of Group B and Group C (Figs. 6 and 10) show an increase in 
the trapping and energy reduction ratio as the sediment concentration increases. The 
absolute kinetic energy value demonstrates an overall negative relationship with the 
sediment concentration (Fig. 7), indicating that when the concentration increases, the 
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energy reduction due to the sediment trap is larger than the energy reduction from the 
debris mass growth in the downstream region. 

The trap effect of the barrier in Group D is plotted in Fig. 8. With an increase in the 
initial debris velocity, the trap ratio tends to decrease, which may be related to the 
Shield parameter 𝜃𝑖 in the lifting velocity 𝑢𝑙𝑖𝑓𝑡 (Eq. (9)). Before the velocity exceeds a 

certain value, the Shield parameter is lower than the critical Shield parameter value 
𝜃𝑐𝑟,𝑖 in many parts near the barrier. This leads to the lifting velocity becoming zero, and 

as a result, a large amount of sediment is deposited, regardless of the velocity. Once 
the initial debris velocity exceeds a threshold value, it can be expected that the Shield 
parameter increases and the trap effect decreases. However, the energy reduction 
exhibits no clear initial velocity effect, which is consistent with the outcome of the open-
type barrier in Group E (Fig. 11). The standard deviation of the energy reduction ratios 
according to the slit ratio (0.2, 0.3, 0.4, and 0.5) are 0.59%, 1.46%, 1.17%, and 3.88%, 
respectively, indicating that these are not significantly affected by the initial velocity. On 
the other hand, for the closed-type barrier, a higher initial velocity results in a smaller 
effect of the height on energy mitigation. 

Fig. 9 illustrates the results for Group F, which provides relationships between the 
initial debris volume and mitigation effects. For the trap effect, a larger initial volume 
results in a greater trap effect, but there is a limit. These phenomena can also be 
observed in Group G, which considers the various barrier designs (Fig. 12). It is 
expected that as the volume increases, the barrier design effect on the trapping 
diminishes. In both Group F and Group G, the energy reduction values exhibited a 
maximum difference of 2%, which indicates that the barrier energy reduction is not 
significantly affected by the volume. 

 

 

 
Fig. 1 Barrier performance with change in grain size (Group A) 
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Fig. 2 Barrier performance with change i

n sediment concentration (Group B) 
Fig. 3 Kinetic energy with change in 

sediment concentration (Group B) 

 

  
Fig. 4 Barrier performance with change in 

initial velocity (Group D) 
Fig. 5 Barrier performance with change 

in initial volume (Group F) 

 

 
Fig. 6 Mitigation effect with variations in concentration (0.14, 0.26, and 0.43) 

and barrier design (Group C) 
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Fig. 7 Mitigation effect with change in initial debris velocity (0, 1, and 1.5 m/s) 

 and barrier design (Group E) 
 

 
Fig. 8 Mitigation effect with variation in initial debris volume  
(0.001, 0.0015, and 0.002m3) and barrier design (Group G) 

 
4.2 Effects of barrier design parameters  
The results of Group H demonstrate the mitigation effects of 40 different barrier 
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designs with a constant initial condition. All of the trap and energy reduction 
performances exhibit similar trends for changes in barrier design. Both criteria increase 
when the height increases, and the slit ratio decreases, but with a difference in the 
influence magnitude. Fig. 13 provides the results for changes in barrier areas that are 
grouped into designs with the same height or slit ratio. From the figures (Fig.10-13), it 
can be seen that both criteria are affected more by the slit ratio change than the height 
change. In the case of energy reduction, if the height is more than 10 mm, it decreases 
sharply and exhibits a similar value, regardless of the slit ratio.  

Based on these results, it is considered that it is more effective to narrow the slit 
interval than to make the barrier unnecessarily high in order to increase the mitigation 
effect. Furthermore, the results of the parametric study indicated that the lower part of 
the barrier plays a greater role in reducing the flow energy than the upper part, thereby 
suggesting that the lower barrier area must be relatively large enough in order to 
increase the barrier performance. 
 

 
Fig. 13 Barrier performance with change in barrier design (Group H) 

 
 
5. Conclusions 
 

The effects of various parameters on debris flow mitigation for a slit-type barrier were 
explored by means of the numerical code FLOW-3D after validating the numerical 
model utilizing laboratory-scale experimental results. The calculated debris flow velocity 
was analyzed using simulation, and the results exhibited the same tendency as the 
experimental results of Choi et al. (2016). A scaled-down numerical model with the 
same material and boundary conditions as those of Choi et al. (2016) was used for the 
parametric study. Two parameter types influencing the slit-type barrier design were 
considered in this study: initial condition and barrier geometry. The performance of the 
slit-type barrier was evaluated using two indicators: trap ratio and energy reduction 
ratio.  
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The initial condition parameters influencing the debris flow characteristics exhibited 
significantly correlated results with the barrier trapping effect. Grain size, sediment 
concentration, and initial debris volume were positively correlated with the trap ratio, 
while the trapped debris volume decreased with an increase in the initial debris velocity. 
Furthermore, the energy mitigation effect was found to be somewhat significant in 
relation to the site-specific soil characteristics. When the grain size and sediment 
concentration increase under the same conditions, the barrier energy mitigation effect 
increases. However, other initial debris flow conditions, such as velocity and volume, 
exhibited no significant effect on energy reduction. Simulations were performed with 
different barrier designs and the results indicated that the trap ratio and energy 
reduction effects are more influenced by the slit ratio change than the height change. 

If debris flow hazard parameters can be predicted for site-specific soil and rainfall 
conditions in a mountainous region, a safe and efficient debris flow barrier can be 
designed, incorporating the parametric results from this study. Furthermore, it is 
observed that the effect of the variation in slit ratio is greater than the effect of varying 
the barrier height, and that the large area of the lower barrier can enhance performance. 

In this study, both the simulation and experiment consider a hydraulically controlled 
deposition scenario that uses sand with a smaller grain size than that of silt. In the case 
of actual debris flow, however, relatively large objects, such as driftwood and boulders, 
flow down together, and may clog the dispersed fine materials. Moreover, the trapping 
mechanism of finer materials such as clay may differ from that of sand, owing to the 
tendency of the particles to clump and form flocculated aggregates depending on the 
nature of the ions (Das 2016). Therefore, further studies are necessary in order to 
consider such limitations. 
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