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ABSTRACT
As a response to the increased need for road risk assessment to enhance disaster resilience in Japan, there is a rising demand for barriers 

to protect against sediment and driftwood influx from nearby terrain. This study examined methods for bolstering permeable dams near 

roads to combat sediment and driftwood flows in small streams. A series of flume experiments were conducted using various conditions to 

gauge the sediment capture efficiency of these dams. The results indicated that centralizing a permeable facility with hexagonal voids and 

flanking it with an impermeable structure improved sediment interception, particularly when larger particles were entrained. Additionally, 

regular maintenance is essential, especially in cases where fine sediment may block the dam. These findings underline the significance of 

the proposed structure in managing sediment and driftwood movement, enhancing road safety, and maintaining environmental harmony.

INTRODUCTION
Recently, Japan has adopted a novel approach to road risk assessment, aiming to improve the disaster resilience of its primary national road 

network. Consequently, there is increasing demand for additional techniques such as protective barriers to counter the extensive influx of 

sediment and driftwood from adjacent slopes and streams. Concurrently, initiatives have been proposed to enhance sediment flow coun-

termeasures for small streams, highlighting strategies based on reinforcing permeable dam designs, including the installation of secondary 

constructs such as netting or columnar barriers. For the purposes of this study, a small-scale stream is defined as a stream with an indistinct 

or unclear flow path, lacking consistent water flow, having no anticipated sediment displacement under routine circumstances, and with 

an incline upstream of the designated benchmark of approximately 10° or higher. Thus, all streams within the catchment area are on steep 

slopes, predisposing them to the potential initiation of sediment flows. A majority of diminutive streams intersected by mountain roads 

conform to this categorization. Therefore, the downstream discharge of sediments that circumvent the permeable dam via openings at their 

extremities is a serious concern. This challenge demands the integration of supplementary structures within these interstices, e.g., sediment 

discharge impediments such as metallic meshing or impervious constructs. Nonetheless, a comprehensive discussion of the optimal designs 

for preventive facilities is needed, to address sediment discharge from openings external to these dams.

This study explores approaches for reinforcing permeable dams against the sediment and driftwood flows in small streams near roadways, 

and experimentally investigates their impacts on sediment capture efficiency, with a particular emphasis on the inclusion of permeable or 

impermeable segments to prevent lateral sediment and driftwood flow.

PROPOSED STRUCTURE OF SEDIMENT AND WOODY DEBRIS COUNTERMEASURE FACILITIES IN SMALL-SCALE STREAMS
Method

The countermeasure targeted in this study is a structure consisting of a net and steel pipe supports, as shown in Figure 1.

Figure 1. General net-type structure for sediment flow prevention.
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A schematic representation of the experimental flume used in these experiments is shown in Figure 2. The base of the flume was layered 

with silica sand with particle diameters (d) of 7, 4, and 0.6 mm, either uniformly or mixed. The flume ranged from 500 to 2,000 mm in length 

and was 200 mm in width, with an assumed scale of 1/10, and was inclined at an angle (ϑw) of 10°–15°. An upstream water supply, with 

a flow rate (qin) of 0.7–1.5 L/s, was introduced to initiate sediment flows. Sediment that was not intercepted by the downstream net-type 

permeable facility proceeded through a mesh to flow further downstream, and was later weighed. The central permeable facility takes into 

account characteristics of minor streams, such as scenarios in which large boulders are not predominantly located at the sediment flow 

vanguard, and potential ease of construction, thus anticipating a significant interception efficacy. The gridwork of this central permeable 

facility is designed to distribute stress across multiple vertical directions, adopting a hexagonal configuration, with a vertical spacing of 10 

mm and horizontal spacing of 12 mm.

Figure 2. Schematic diagram of the experimental flume.

Efforts to mitigate sediment discharge alongside permeable facilities tend to focus on varying the interception capacity based on the pres-

ence or absence of impermeable segments on its flanks (Figure 3). Emphasis is also placed on driftwood entrained in the sediment flow. The 

effects of driftwood on sediment interception efficiency (Figure 4) were examined. Water delivery continues until all of the bed sediment 

undergoes erosion, culminating in the generation of sediment flow.

Figure 3. Schematic diagram of the permeable facility used in the experiments.

Figure 4. Overview of sediment capture by a permeable facility with a net-like structure.
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To understand how diverse conditions influence both the interception efficiency of permeable dams and subsequent configuration of sedi-

ment deposits, parameters such as the water supply volume (qin), presence or absence of driftwood, inclusion or exclusion of impermeable 

segments, and the width of the permeable segment (w’) were alternated, for a total of 16 scenarios (Table 1). The interception performance 

and ensuing sediment deposit configuration were evaluated under each scenario (e.g., Figures 5 and 6). Experiments were conducted three 

times for each set of conditions, and the results were averaged.

Table 1. Experimental conditions.

Figure 5. Influence of sediment supply conditions on the capture rate of a permeable facility (type A).

Figure 6. Impact of the presence or absence of impermeable sections on the capture rate of a permeable facility (type A, w' = 200 mm; type B, w' = 134 mm; type C, w' = 66 mm).
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The capture rate (fs) for each permeable dam was calculated as follows:

where qsout is the weight of sediment not intercepted by the countermeasure facility, and qsin is the weight of the supplied sediment. 

Results

Figure 5 shows variation in the mean rate (fs) of sediment captured by the permeable facility (type A) under various sediment supply con-

ditions, for uniform and mixed particle distributions. The numbers displayed in the figure are the mean capture rates (fs), with the range for 

three repetitions shown in brackets. A significant proportion of sediment with a uniform grain size of d = 7 mm was captured. Conversely, 

sediments with a particle size of d = 4 mm generally traversed the meshwork and flowed downstream. When fine sand with a particle size 

of d = 0.6 mm was mixed with equal proportions of coarser grains (d = 7 or 4 mm), fs within the permeable dam fluctuated around 50%. A 

significant arching action effect was observed, likely caused by the largest particles.

Figure 6 shows variation in the mean rate (fs) of sediment captured by the permeable facility with or without impermeable segments and 

with varying permeable width (types A, B/C). Empirical data imply that when an impermeable component is integrated (type B/C), fs 

increases approximately 1.5–2-fold compared to scenarios without an impermeable component, indicating a significant improvement in 

sediment interception efficacy. Discrepancies in sediment deposition designs due to the presence or absence of impermeable components 

throughout the experiments are shown in Figure 7. Among planar sediment deposition designs without an impermeable component (type 

A; Figure 7, top left), sediments mainly accumulated at the center of the structure, resulting in predominantly lateral sediment discharge. 

However, in both the vertical and lateral sediment deposition designs, the incorporation of an impermeable segment (type B/C; Figure 7, 

middle right, bottom right) led to a discernible surge in capture height, increasing the rate of sediment interception. One possible explana-

tion for this result is an arching action effect caused by the central accumulation of large particles, enhanced by the impermeable barricades 

flanking both sides of the structure. This phenomenon enabled the proficient interception of finer sediments flowing from the rear of the 

structure. Additionally, some sediments were deposited by vortices immediately upstream of the impermeable segments. These findings 

are consistent with phenomena routinely observed in standard hydraulic constructs, accentuating the pivotal role of impermeable terminal 

sections in sediment interception.

Figure 7. Sediment capture patterns caused by the presence or absence of lateral impermeable structures.
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Recommendations

In light of our experimental results, we propose the following recommendations for countermeasure designs to mitigate sediment and 

driftwood flows in small-scale streams:

•	 Centralize the permeable facility, considering the unique features of small streams and their interception potential.

•	 Integrate an impermeable structure flanking the permeable dam to deter sediment discharge.

•	 Ensure that the permeable dam incorporates hexagonal voids to efficiently alleviate stress across multiple vertical orientations.

Perform regular monitoring and maintain protocols to safeguard the robustness of the facility, particularly in contexts where fine sediment 

accumulation could potentially obstruct the dam. Notably, the mesh size is a topic for future study.

CONCLUSIONS
Comprehending the dynamics of sediment and driftwood migration in small streams is paramount for designing effective countermeasures. 

Our experimental results suggest that the proposed structure adeptly captures sediment and driftwood and mitigates lateral outflows. Im-

plementing this structure would substantially diminish the hazards posed by sediment flows near roadways, thereby improving road safety 

and preserving environmental integrity.
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