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A Study on the Comparison and Analysis of Debris Reduction System
on Small Bridge
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Abstract Damage to structures, such as bridge piers, are increasing rapidly due to the debris moving along rivers
at the time of flooding. Therefore, the debris fin, debris deflector and debris sweeper, which are debris reduction
systems, were produced in this study and an accumulation experiment was carried out on the experimental channel
according to the existence of the reduction system. The debris fin is the reduction system that creates parallel flow
on debris accumulated on the bridge to pass through the bridge, which was produced using wood. In addition, the
debris deflector was produced using steel pipes and it has the type of detouring the direction of debris. The debris
sweeper passes the debris using the magnetic force rotation of a screw-shaped cylindrical structure by water flow and
it was produced using acrylic material. The experiment was carried out by analyzing the level of accumulation
according to the hardness and dropping method of the debris and comparing the accumulation rate of reduction
systems, and the experiment was carried out 5 times. According to the experimental results, there was a difference
in the accumulation rate according to the type of reduction system and the shape of debris, and it often depended
significantly on the initial shape of debris accumulation. The direct debris reduction effect on the bridge was higher
in the order of the debris deflector, debris sweeper and debris fin, but in case of the debris deflector, damage, such
as stream turbulence, changes in water level and river bed, and the loss of deflector can occur due to debris
accumulated directly on the debris deflector. Therefore, it is necessary to design the debris deflector considering these
issues.
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Fig. 2. Specification of debris reduction system (m)

(a)debris fin (b)debris deflector (c)debris sweeper

Debris countermeasures(reduction system) on

bridge[5]
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Fig.
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Fig. 3. Installation of debris reduction system
(a)debris fin (b)debris deflector (c)debris sweeper

w
>
oo
P
[

9

=
i3

e N
re
2
o
>
(1
Ho
o
2

tlo
o)
El
ol

o
re
-1
fill
=
o
oy =
X,
it a1
rlo

> ox o

)
T
&

=}

S
&3k 0.80

o & >
£
a
ol
=
frtl

o oz
-
2
U
o
tlo

o
b

ol

o

. T 0o

ol
-
Q

in)

3 X
2o
—r
B

N e
o2l o

3 B
fu
£ o
ol
g
T
Ho
of
ol
il
o
o,
fo
o
>,
%
o

>
ol
fr e

o
A
>,
Qh

o

1>

[o
<

o
o2

Ol
ol

Ho
ol
ol
iCial
fitl
o
gl_:

o
AP N Ol
flo §m E‘Q N
Bl ok ot fo
N ED
o * do o
Ju =
2 0
> e
= [o
S -
ol
* o
S~ o
i J A
S -
2 o
et )

0 _|1N,

o

Ho
ol
o
il

AR 3.00 m FelM 7

shegoll we PAEe Hus

=
ol
-

=, o
N lo do @ o @ 4 oE

o Jo o 3@ I Kool
ol
it
o
=
1x
S o
=
1x
4 ;
of
ol
of
ol
rle
(3]
N
N
X
o

,_EZOD'_E,._Q.Z{OMHJ
o
o})-
n.!-lEI
:(o flo

ol 9
A
SE o
0
ut!
4 4
i
N o
o
ol b
e
v
o
2
&
o,
5
=5
@
rlo
EL..’,

Table 1. Condition of experiment
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ol et Hit 74 A3 A JFAELS soft
UéEH oA 17H Foket A97.9%) ol A FAE
& soft Fejoll A 10704 Fatet B-9(99.2%) % vEhk
o} Zt el 10704 Fotet A 18 Fekd Aen
o AAEe] 25 A HeRdARE Aol A4 okt
Table 2= A7AAe] gli= 7S 2% Aloln Fig. 4
= Aol fle A9 FedEe] dedl e 49

A% e

3.2 #Z|E22|f Mx|
W ] FE3E AP AR dl(debris fin)
& A% T 314 AES sk A A soft F
eloll A 1712 T35k %9 91.3%7F F 4 =]+ 107H4*‘
33t 749 98.7%7F JA =AU hard FES FETE
A T3k A9 JA o] g okt ek 107

Debris Debris Total number of

Debris (m) Depth Velocity

type reduction system debris

Length Width (m) (m/s)

None
Fin
Deflector
Sweeper
None
Fin
Deflector
Sweeper

Soft

300

Hard

030 x 107 0.32

0.80 ~ 0.30 ~

0.60 x 107 0.40
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Table 2. Comparison of debris accumulation(No reduction system)
Debris Dropping Case Total number Number of Number of accumulation

type method of debris accumulation non-accumulation rate(%)
1 300.0 0.0 100.0
2 272.0 28.0 90.7
3 299.0 1.0 99.7
1 4 297.0 3.0 99.0
5 300.0 0.0 100.0
Average 293.6 6.4 97.9

soft 300
1 288.0 12.0 96.0
2 300.0 0.0 100.0
3 300.0 0.0 100.0
0 4 300.0 0.0 100.0
5 300.0 0.0 100.0
Average 297.6 24 99.2
1 279.0 21.0 93.0
2 299.0 1.0 99.7
3 299.0 1.0 99.7
1 4 300.0 0.0 100.0
5 293.0 7.0 97.7
Average 294.0 6.0 98.0

hard 300
1 280.0 20.0 933
2 300.0 0.0 100.0
3 300.0 0.0 100.0
10 4 300.0 0.0 100.0
5 300.0 0.0 100.0
Average 296.0 4.0 98.7

(@

(b)

Fig. 4. Result of experiment(No reduction system)
(a) soft type (b) hard type
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Table 3. Result of experiment on the debris fin installation

Debris Dropping Case Total number Number of Number of accumulation
type method of debris accumulation non-accumulation rate(%)
1 296.0 4.0 98.7
2 294.0 6.0 98.0
3 266.0 34.0 88.7
1 4 260.0 40.0 86.7
5 253.0 47.0 843
Average 273.8 26.2 91.3
soft 300
1 290.0 10.0 96.7
2 300.0 0.0 100.0
3 300.0 0.0 100.0
0 4 290.0 10.0 96.7
5 300.0 0.0 100.0
Average 296.0 4.0 98.7
1 262.0 38.0 87.3
2 236.0 64.0 78.7
3 266.0 34.0 88.7
! 4 297.0 3.0 99.0
5 273.0 27.0 91.0
Average 266.8 332 88.9
hard 300
1 298.0 2.0 99.3
2 270.0 30.0 90.0
3 260.0 40.0 86.7
10 4 220.0 80.0 733
5 300.0 0.0 100.0
Average 269.6 304 89.9

(@ (b)

Fig. 5. Result of experiment(debris fin)
(a) soft type (b) hard type
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Table 4. Result of experiment on the debris deflector installation

Debris Dropping Total number Number of Number of accumulation
Case . . .
type method of debris accumulation non-accumulation rate(%)
1 0 300.0 0.0
2 0 300.0 0.0
3 0 300.0 0.0
1
4 2 298.0 0.7
5 0 300.0 0.0
Average 0.4 299.6 0.1
soft 300
1 0 300.0 0.0
2 0 300.0 0.0
3 0 300.0 0.0
10
4 0 300.0 0.0
5 0 300.0 0.0
Average 0.0 300.0 0.0
1 37 263.0 123
2 0 300.0 0.0
3 0 300.0 0.0
1
4 7 293.0 23
5 19 281.0 6.3
Average 12.6 287.4 42
hard 300
1 0 300.0 0.0
2 0 300.0 0.0
3 0 300.0 0.0
10
4 0 300.0 0.0
5 30 270.0 10.0
Average 6.0 294.0 2.0

@

Fig. 6. Result of experiment(debris deflector)
(a) soft type (b) hard type
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Table 5. Result of experiment on the debris sweeper installation

Debris Dropping Total number Number of Number of accumulation
Case . . .
type method of debris accumulation non-accumulation rate(%)

1 3.0 297.0 1.0
2 47.0 253.0 15.7
3 14.0 286.0 4.7

1
4 15.0 285.0 5.0
5 1.0 299.0 0.3
Average 16.0 284.0 53

soft 300

1 12.0 288.0 4.0
2 0.0 300.0 0.0
3 0.0 300.0 0.0

10
4 0.0 300.0 0.0
5 0.0 300.0 0.0
Average 2.4 297.6 0.8
1 65.0 235.0 217
2 29.0 271.0 9.7
3 31.0 269.0 10.3

1
4 73.0 227.0 243
5 46.0 254.0 153
Average 48.8 251.2 16.3

hard 300

1 0.0 300.0 0.0
2 0.0 300.0 0.0
3 0.0 300.0 0.0

10
4 0.0 300.0 0.0
5 0.0 300.0 0.0
Average 0.0 300.0 0.0

()

Fig. 7. Result of experiment(debris sweeper)
(a) soft type (b) hard type
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Table 6. Comparison of accumulation on debris reduction system

Dropping No reduction
Type

method system (%)

Debris fin (%)

Debris deflector (%)

Debris sweeper (%)

1 100.00
soft

93.26

0.10

541

10 100.00

99.50

0.00

0.81

1 100.00

90.71

4.29

16.63

10 100.00

91.08

2.03

0.00

Accumulation rate(%)

Fig

Accumulation rate(%)

Fig

Accumulation rate(%)

o
3

hard
100
60
40
20
o
No Debris

reduction fin
system

Debris
sweeper

Debris
deflector

(a)

80

40

20

No
reduction

Debris
fin

Debris
deflector

Debris
sweeper

(b)

. 8. Experimental result on debris reduction system
(a) soft type (b) hard type

100

85.40 83.27

o
o

59.80

48.67

40

20 —

soft type(1) softtype(10)  hard type(l) hard type(10)

. 9. Comparison of debris accumulation on debris
deflector
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