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ABSTRACT
Recently, natural disasters have occurred frequently because of abnormal weather conditions. In particular, debris flows have increased in 

valleys adjacent to residential areas. The use of open Sabo dam supported by cables has been proposed for small-scale, no-flow streams. 

However, it is unclear how dams behave in capturing debris flows. In this study, the response of an open Sabo dam to the impact force of 

a debris flow was investigated using an experimental channel and a sliding dam model. The experimental results showed that the debris 

flow load acting on the dam supported by cables did not significantly differ from that of a steel-pipe open Sabo dam. In addition, the load 

on the cables decreased with an increase in the mass of the dam.

INTRODUCTION
Localized torrential rain and large typhoons associated with recent climate change have caused many landslides in Japan. Among these, the 

number of cases for small-scale streams has increased. The area of small-scale streams is relatively small (smaller than 0.05 km2), and sedi-

ment transport is unexpected under normal conditions because of the lack of constant water flow. The stream-bed gradient upstream of the 

reference point is 10° or larger, and the entire stream is a debris-flow-generated zone (MLIT, 2022). In the July 2018 torrential rain disaster, 

70% of human casualties were attributed to streams with a basin area of 0.05 km2 or smaller. Only three streams out of the 33 streams in 

Hiroshima and Ehime Prefectures caused the most human casualties had Sabo dams constructed in advance (Landslide Committee, 2019). 

Therefore, countermeasures are recommended for small-scale streams. 

An open Sabo dam supported by cables (cable-type dam) shown to Figure 1, has been proposed as a countermeasure for small-scale 

streams. The cables are connected to the base ground and a cable-type dam to maintain stability. Thus, the amount of concrete required for 

construction is limited, and the structure can be easily constructed. However, no structural form has been analyzed for cable-type dams and 

the response of cable-type dams when catching debris flows has not been investigated.

Figure1: Open Sabo dam supported by cables as a countermeasure for small-scale streams (a) side view, (b) Top view
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Figure 1 Open Sabo dam supported by cables as a countermeasure for small-scale streams (a) side view, (b) Top view 
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The design load of a Sabo dam comprises the flow force at the top and the sediment pressure at the bottom, and the stability against over-

turning, sliding, and ground settlement has been verified. However, because cable-type dams are supported by cables, slight sliding and 

overturning are expected. The authors (Komatsu et al., 2021, Miyahara et al.2023) conducted experiments focusing on structural stability 

under overturning and sliding. However, the interaction between the dam and cables under these two structural conditions must be exam-

ined in loading experiments.

In this study, a sliding experimental dam model was used to investigate the debris-flow load when the dam model was supported by ca-

bles. The effects of the dead load of the dam on the debris flow load are discussed, and the loading mechanisms of the cables and dam 

are clarified.

EXPERIMENTAL METHOD
Figure 2 shows the straight channel used for the experiment. A pump was used and generated debris flows from upstream to downstream. 

The bed slope was set to correspond to a small-scale stream, with a slope of θ = 15°, which was the debris-flow-generated zone. A boulder 

having bottom roughness with 30 mm spacing, a 5 mm height, and a 10 mm width was placed 500 mm upstream from the dam model.

Figure 2: The channel was 4.5 m length, 0.3 m width, and 0.5 m depth. The slope of the channel was adjustable from θ = 0º to 20º

Figure 3 shows an overview of the dam model. A dam model with a dam height of 270 mm was designed, owing to the limitations of the 

experimental channel. The main unit was suspended from the upper rail to eliminate the effect of water on friction such that only the bottom 

of the rail was in contact with the main unit. Three rollers were attached to each edge of the upper surface of the main body, which was in 

contact with the upper guide rail, and the main unit glided along the guide rail under a load. The main body of the device was raised 5 mm 

above the sloped bed. The mass of the main unit was 8.0 kg, and weights on the upper part of the main unit varied. The load measurement 

plane had an effective height of 270 mm, width of 300 mm, and a spacing of 20 mm between the centres of the cross-members. Twelve load 

cells (LMB-500-N-P) were installed on the measurement surface to measure the debris flow loads. An energy-dispersive X-ray spectrometer 

(EDX-100A) with a sampling frequency of 100 Hz (Horiguchi, 2022) was used. A steel wire with a length of 1000 mm and diameter of 1.6 

mm was used as the cable model. The steel wire did not yield under debris-flow loads. The tensile force on the steel wire was measured 

by attaching a U-shaped metal to the end of the wire and hooking it to a load cell (LMB-500-N-P) installed in the pipe. The steel wire was 

installed at a horizontal angle of θH = 0° and placed 50 mm above the top of the dam to prevent contact with debris flow.
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Figure3: Overview of dam model

The coefficient of friction between the dam model and the rail was calculated in advance by measuring the load at the start of the dam 

movement when the dam model was pulled by a spring gauge. Five cases with total masses ranging from 10 to 50 kg were tested three times 

each. The coefficient of static friction, μ, was calculated from the measurement results, with an average value of μ = 0.19. The coefficient 

of kinetic friction was also measured, and it was confirmed that no difference existed between the static and kinetic friction coefficients. 

The debris flow model was established by mixing three types of gravel with diameters of 10, 20, and 30 mm at a volume ratio of 1:1:1. 

The specific gravity of the gravels was 2.6, and the total mass of the gravel mass was 60 kg. 20 kg gravel was spread over 2000 mm from 

the upstream edge of the bottom roughness to a thickness of 30 mm to form a moving bed. The remaining 40 kg gravel was placed in a 

trapezoidal shape, with a thickness of 150 mm at 1000 mm upstream of the bed. The roughness of the bed and the placement of the gravel 

were designed to replicate the presence of a boulder. The debris flow model was generated by inducing water flow from the upstream of 

the gravel. Water flow was applied using a dam-break method, in which water stored at a depth of 300 mm upstream of the gravel was 

released at once, and a pump was used to supply water at a flow rate of approximately 0.006 m3/s for 5.0 s. Based on experimental results, 

the flow velocity was approximately 1.5 m/s.

In the nine experimental cases, the total mass M, which is the total of the main unit of the dam model and weights on the main unit, was 

varied from 10 to 90 kg. The conditions of debris flows are constant. Each test was performed three times.

EXPERIMENTAL RESULTS
Figure 4 shows the response of the dam model with total masses M = 10 and 50 kg supported by cables. The tip of the debris flow was 

impacted at t = t0. First, the study considers the total load P, which is the sum of the measured loads on the load measurement plane. The 

maximum load Pmax was Pmax-10 = 170 N for M = 10 kg, and Pmax-50 = 171 N for M = 50 kg, showing no difference due to the differ-

ence in the total mass M. Subsequently, the cable reaction force, R, was measured in both load cells in the tension measurement unit. The 

maximum reaction force Rmax-10 of 153 N for M = 10 kg and the maximum reaction force Rmax-50 of 86 N for M = 50 kg represented 90% 

and 50% of the maximum load Pmax, respectively.
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Figure 4: Relationship between load and time

The difference between the total load P and cable reaction force R showed that for M = 10 kg, P reached its maximum value at t = t0 + 

0.5 s, and the cable reaction force at this time was R = 150 N. The difference between the total load P and cable reaction force R was 20 

N, similar to the maximum frictional force f = 18.6 N for a total mass M = 10 kg. The maximum reaction force was reached at t = t0 + 0.62 

s when the total load P was 160 N. The difference between the total load P and cable reaction force R was 7 N, which is lower than the 

maximum frictional force f. The cable reaction force R converged with the total load P, and the total sand and gravel pressure load Ps was 

130 N (t = t0 + 5.0 s), and the convergence reaction force Rs was 135 N, which are similar values. The total sand and gravel pressure load 

and convergence reaction force refer to the total load P and cable reaction force R that converged after t = t0 + 5.0 s.

For a total mass M = 50 kg, the maximum total load P reached its maximum value at t = t0 + 0.44 s, and the cable reaction force was R = 66 

N. The difference between the total load P and cable reaction force R was 105 N, which is similar to the maximum frictional force f = 93 N 

for a total mass M = 50 kg. The cable reaction force R attained its maximum value at t = t0 + 0.62 s when the total load P was 141 N. The 

difference between the total load P and cable reaction force R was 55 N, which is lower than the maximum frictional force, f. When the loads 

converged (t = t0 + 5.0 s) the total sand and gravel pressure load Ps was 117 N, and the convergence reaction force Rs was 66 N; the differ-

ence between these values is 51 N. These results indicated that the cable reaction force R, which was generated at a greater frictional force 

f, was smaller. When the total load P reached its maximum value, the frictional force also attained its maximum value, and tension in the 

cable was generated to compensate for this deficiency. Furthermore, as the total load P decreased, the ratio resisted by the cables increased.

Figure 5 shows the relationship between the load and the total mass M. The maximum load, Pmax, was distributed between 160 and 180 

N. Because the average value of the maximum load Pmax at the sliding limit was 170 N, the cable support was assumed to be subjected to 

the same debris flow action as through no sliding occurred. Based on the maximum reaction force Rmax, the maximum reaction force Rmax 

decreased as the total mass M increased. Based on the results of the previous experiments, the magnitude of the load resisted by the cable 

was influenced by the frictional force. 
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Figure 5: Relationship between load and total mass

Next, the ratio of the maximum reaction force Rmax to the maximum load Pmax and the ratio of the maximum frictional force f to the max-

imum load Pmax were transformed into nondimensional parameters to quantitatively evaluate the effect of the maximum frictional force f. 

Fig. 6 shows the relationship between these ratios. The maximum reaction force Rmax compensates for the lack of a maximum friction force 

f relative to the maximum load Pmax (Figure 6). This equation allows for the estimation of the maximum reaction force Rmax generated 

against the maximum load Pmax if the magnitude of the maximum frictional force f for the maximum load Pmax is known. The coefficient 

of determination for this approximate equation is R2 = 0.95. In other words, assuming a constant debris flow load, as represented by the red 

line, the area in blue is borne by the cable, and the area in green is borne by the frictional force, depending on the change in dam mass. 

Figure 6: Relationship between Rmax / Pmax and f / Pmax
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CONCLUSIONS

In this study, the response of a cable-type dam during the capture of a debris flow was investigated. The experimental apparatus was a dam 

model capable of gliding with cables installed. The response of the cable, frictional force of the dam, and load were analyzed.

1) The total load P is independent of the total mass M. The load acting on the dam is the same as that of the dam model without sliding 

mechanism.

2) The maximum reaction force Rmax decreases as the total mass M increases. The maximum frictional force, f, influenced the maximum 

reaction force, Rmax. 

3) The maximum reaction force Rmax is estimated from the ratio of the maximum frictional force f to the maximum load Pmax.
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