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Abstract The purpose of this study wasto verify experimentallydebris reduction facilities for culverts installed in
small rivers. A culvert isdefined as a structure laid under a road or a railroad that passes through aninner urban area
or downtown area to make an artificial canal. Culverts are generally categorized into road culverts or waterway
culverts, among which the latter are artificial structuresdesigned to discharge running water into ariver. At the time
of floods, the structural safety of waterway culverts can be undermined by the accumulation of debris, such as soil,
boughs and weeds, and they may be at risk of overflowing due to blockages. Debris reduction facilities are necessary
to prevent such damage. In this study, the effects of the three existing types of debris reduction facilities were
examined through hydraulic experiments. The results of the experiments showed that vertical separation to divert
debris reduced the accumulation rate by 27.65 to 31.39 percent. The two types of screen designed to block and divert
debris, respectively, were found to have excellent debris blocking abilities. However, when the effects of the rising
water level are considered simultaneously, the screen to divert debris was found to show superior effects. The screen
to block debris can be considered to have excellent debris blocking ability, but requires the continuous collection of
the debris, due to the high risk ofrising water levels caused by its accumulation.
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Fig. 1. Debris Reduction System(FHWA, 2005) (a) debris fins (b) debris racks (c) debris deflectors
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Fig. 2. Experiment Model on Debris Reduction System (a) debris fins (b) debris racks (c) debris deflectors
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Table 1. Condition of Experiment
Debris Initial Debris
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System (m) debris pe (m)
No Reduction
system
Debris Fins hard | 0.35
Debris Racks 020 | 032 300 - soft | +0.03
Debris
Deflectors
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Table 2. Result on Debris Accumulation Experiment(No Reduction System)

Debris type Case Total number of debris | Number of accumulation Number of non-accumulation Accumulation rate (%)
case 1 134.0 166.0 44.67
case 2 287.0 13.0 95.67
case 3 233.0 67.0 77.67
Hard case 4 300 266.0 340 88.67
case 5 201.0 99.0 67.00
Average 2242 75.8 74.73
case 1 283.0 17.0 94.33
case 2 279.0 21.0 93.00
case 3 257.0 43.0 85.67
Soft case 4 300 2750 250 91.67
case 5 276.0 24.0 92.00
Average 274.0 26.0 91.33
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Table 3. Result on Debris Accumulation Experiment(Debris Fins)

Debris type Case Total dr:;r::er of Number of accumulation nonrjzl;?s:ug iion Accumlzl;ot)lon rate
case 1 58.0 242.0 19.33
case 2 150.0 150.0 50.00
case 3 241.0 59.0 80.33
Hard case 4 300 259.0 410 86.33
case 5 103.0 197.0 34.33
Average 162.2 137.8 54.07
case 1 270.0 30.0 90.00
case 2 230.0 70.0 76.67
case 3 110.0 190.0 36.67
Soft case 4 300 200.0 100.0 66.67
case 5 130.0 170.0 43.33
Average 188.0 112.0 62.67
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Fig. 7. Accumulation of Debris on Debris Racks
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Table 4. Result on Debris Accumulation Experiment(Debris Racks)

Total f f A lati
Debris type Case ota nun?ber © Number of accumulation Number o . ceumulation rate
debris non-accumulation (%)
case 1 300.0 0.0 100.00
case 2 300.0 0.0 100.00
case 3 300.0 0.0 100.00
Hard 300
case 4 300.0 0.0 100.00
case 5 300.0 0.0 100.00
Average 300.0 0.0 100.00
case 1 299.0 1.0 99.67
case 2 300.0 0.0 100.00
case 3 300.0 0.0 100.00
Soft 300
case 4 300.0 0.0 100.00
case 5 298.0 2.0 99.33
Average 299.4 0.6 99.80
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Table 5. Result on Debris Accumulation Experiment(Debris Deflectors)

Debris type Case Total n@ber of Number of accumulation Number of' Accumulation rate
debris non-accumulation (%)
case 1 292.0 8.0 97.33
case 2 290.0 10.0 96.67
case 3 289.0 11.0 96.33
Hard 300
case 4 289.0 11.0 96.33
case 5 282.0 18.0 94.00
Average 288.4 11.6 96.13
case 1 284.0 16.0 94.67
case 2 263.0 37.0 87.67
case 3 276.0 24.0 92.00
Soft 300
case 4 284.0 16.0 94.67
case 5 282.0 18.0 94.00
Average 277.8 222 92.60
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