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Abstract Typical flood damages in small bridges include scour of the pier foundation and destruction
due to lack of freeboard. In addition, there are cases of damage caused by the accumulation of debris.
The debris on the bridge causes various damage, such as bridge overturning due to the accumulation
of debris, river bank overflow due to water level rise, and bed scours due to increased pressure flow.
Methods to reduce the damage caused by debris include blocking the debris, installing bypass facilities,
or securing freeboard for the bridge. This study performed a hydraulic experiment to secure freeboard
for the bridge. The hydraulic experiment consisted of real scale tests on a small bridge and a hydraulic
characteristic experiment that reflected the type of accumulation. In the hydraulic experiment reflecting
the type of accumulation, the effect of the width ratio (W/a) and height ratio (H/a) of debris under the
Froude Number (Fr) conditions was reviewed. These variables and conditions represent the flow
characteristics according to the flow velocity of the open channel. Based on these experimental results,

freeboard equations were developed according to Fr, considering debris.
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Fig. 1. Experiment channel and bridge pier(REC, Andong)
(a) Meandering channel, (b) Small river bridge pier
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Fig. 2. Debris sample for accumulation experiments
(a) Herbal plants, (b) Woody plants
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Fig. 3. Plan view of debris accumulation test
(a) Woody plants, (b) Herbal+woody plants

(a)

Fig. 4. Vertical view from the inside
(a) Woody plants, (b) Herbal+woody plants
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Fig. 6. Experiment channel and debris model
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Table 1. Experimental conditions for debris tests

Debris Specification
Discharge Pier Heigh Width
No. ( 3/ ) width Height elg t Width ! ,t
Q m’/s @ m | m| 89 | gy m | ratio
' (H/a) ’ (W/a)
HOWO* - - - -
H5W5 0.45 5
H5W6 0.54 6
H5W7 0.63 7
E— 0.045 0.5
H5W8 0.72 8
H5W9 0.81 9
H5W10 0.90 10
H10W5 0.45 5
1 005
H10W6 0.10 0.54 6
H10W7 0.15 0.09 0.63 7
—— 020 0.00 | 10
H10W8 0.72 8
H10W9 0.81 9
H10W10 0.90 10
H15W5 0.45 5
H15W6 0.54 6
H15W7 0.63 7
E— 0.15 1.5
H15W8 0.72 8
H15W9 0.81 9
H15W10 0.90 10

s’

experiment number “HOWO0” means that height ratio(H/a) 0,
width ratio(W/a) 0
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Fig. 7. Debris model experiments
(a) F7=0.48, HOWO, (b) Fr=0.48, H5W>5

Aoz fo] HAHoR FINRE W%
Ao g QI3 w97t ART7IA] FIFE vlA= A
E yetgon, s 982 £°] 0.49Y B 7%

8 AEH vig) A 7 %9 S5S Fshe A
o2 IRIE|Qict. oje} T A= HOLS W {E54E
9] golo}t Fr W7k Aol A9 S-S sk
IR}z BQlS & 9l A0 BISH & 9T} REAY
004 TET A FFZEY EoH7L 0.5(HS
series)?! % F5E JHAMO series)2 H] WIS
< o ol B2 S GFL mulgt o= vEry:
£ ol FEEER Qs AdE WHo] AR £9]
£ 9ot whEe] S5t Azl JFe vlA|A]
Bale Aog wost & 9l

r

32.2 Z8l9} F0) T2 $2SHUS 24

Fig. 8 Fr ¥s}o] wE 45459 Z8|(W/2)9] 4
THAE YERRZ] Yol =AISE J8fzolct. Figs. 8&(



aFe] §5UE WAG LT 37} ol AA AL
OB FEUR B 05U AR HA »

oo W2 595 el Aoz G508 Folu] [, Lo

= 05 ol A9 $4E B0l mAFAS 100 :

o3I A% Ar 27k WAGle] SR Ao A5
I 9l A0® Uehdt ol $43180] 35kl of
312 A9 Eo| ZltERhE ARRIA) Z714el 4
WSS WAAYA e AL ofulatth Figs. 8e)”
Sh)E §5EE EolHI(H/A7} 108 A% Zujsislo]
= S9a5S Yed o2 Fo] 7Kl et 4
5] Qo] ekt AL I3 5 9tk ER =
H] Z71o] Wt S91sdgel thehin, Fo] 0.499)
A9 S48 A4 294500 5 %0 2742 29
Aol waeks Aoz ekt Tt /0] 0.15 of
alel A9 REUER olst SolksAFol Uehix) o
& AoR uehith . 80802 lno]ﬁl(H/a)ﬂ
1,59 A% Zujslo] G2 59M5S ek A
Fr %710l Wt Aoluke 4udol ekl g

gl

=

T 5 ek o= BAHOR F7HR o] 0.49% B
EE WA 29000 I 21 %] F7HAIQl 504

So] WAk A0 Uehdth, oloh 2 Uudnz
H9MS T §57129] PHL LA WA 5, Fol
7 0.5 oJ5He 79 5915l thet Qg mlulsh &
ofEl7k 1.0 O A9 §471%0] et ol Leht
o 56 3] 3716] el 9 Aol A ek

$ou Zuj¥slo] gt 7Rt =olH] S7PT 429
Arz=o]| Z|ujAQl geFolztz 7\19_0].—, 9les o 2 9

14 | Pier 14 | Pier

—

0
08 o Fr0IS{HOND) - Fr=0.15(HSWS) - Fr030H0N0) -
6

05 F=030(HSWE)

] o Fr030HSNE)  —o-Fr=030)
02 - Fr030H5WL0)
0 00
0w EUIT T B 1 0 (LT 0 30 4 50 0 0
Um) Um)
(a) (b

Pier Pier

189

S10
2

14 | Pier Pier

08 - Fr=030(0N0)  —+-Fr=030(H1SWS)

14 | Pier

hu/h

[-e-Fr0ofhiswis) 0

0 0 20 0 w0 50
Um)

®) [0
Fig. 8. Water level around the pier according to Fr
and H/a
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Table 2. Variation of water depth ratio

(a) Height ratio(/a) 0

Height Width Water depth
Fr No. ratio ratio ratio
HYa W/a ha/h
0.15 HOWO 0 0 1.08
0.3 HOWO 0 0 1.09
0.4 HOWO 0 0 1.11
0.49 HOWO 0 0 1.14
(b) Height ratio(#/2) 0.5
Height Width Water depth
Fr No. ratio ratio ratio
Hya W/a ha/h
0.15 H5W5 5 1.09
0.15 H5Wo6 6 1.09
0.15 H5W7 7 1.08
0.15 H5W8 0> 8 1.09
0.15 H5W9 9 1.09
0.15 H5W10 10 1.08
0.28 H5W5 5 1.09
0.28 H5W6 6 1.09
0.28 H5W7 05 7 1.09
0.28 H5W8 8 1.09
0.28 H5W9 9 1.1
0.28 H5W10 10 1.1
0.39 H5W5 5 1.11
0.39 H5W6 6 1.11
0.39 H5W7 7 1.11
0.39 H5W8 0> 8 111
0.39 H5W9 9 1.11
0.39 H5W10 10 1.11
0.48 H5W5 5 1.14
0.47 H5Wo6 6 1.14
0.47 H5W7 7 1.15
0.47 H5W8 0> 8 1.16
0.47 H5W9 9 1.15
0.47 H5W10 10 1.16
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(c) Height ratio(/4/2) 1.0

Height Width Water depth
Fr No. ratio ratio ratio
Hfa W/a hy/h
0.15 H10W5 5 1.09
0.15 H10W6 6 1.09
0.15 H10W7 10 7 1.09
0.15 H10W8 ’ 8 1.09
0.15 H10W9 9 1.09
0.15 HI10W10 10 1.10
0.28 H10W5 5 1.11
0.27 H10W6 6 1.11
0.27 H10W7 10 7 1.12
0.26 H10W8 ’ 8 1.13
0.26 H10W9 9 1.13
0.26 H10W10 10 1.13
0.38 H10W5 5 1.13
0.37 H10W6 6 1.14
0.37 H10W7 10 7 1.14
0.35 H10W8 ’ 8 1.17
0.35 H10W9 9 1.16
0.34 H10W10 10 1.17
0.46 H10W5 5 1.17
0.46 H10W6 6 1.18
0.45 H10W7 10 7 1.18
0.46 H10W8 ’ 8 1.18
0.45 H10W9 9 1.18
0.44 H10W10 10 1.19
(d) Height ratio(#/2) 1.5
Height Width Water depth
ratio ratio ratio
Fr No.
Hfa W/a ha/h
0.15 H15W5 5 1.09
0.15 H15W6 6 1.09
0.15 H15W7 15 7 1.09
0.15 H15W8 ’ 8 1.11
0.14 H15W9 9 1.11
0.14 HI15W10 10 1.12
0.27 H15W5 5 1.13
0.26 H15W6 6 1.13
0.25 H15W7 15 7 1.14
0.24 H15W8 ’ 8 1.17
0.23 H15W9 9 1.19
0.23 HI15W10 10 1.19
0.34 H15W5 5 1.18
0.33 H15W6 6 1.19
0.32 H15W7 15 7 1.21
0.31 HI15W8 ’ 8 1.24
0.31 H15W9 9 1.25
0.30 HI15W10 10 1.26
0.43 HI15W5 5 1.21
0.41 H15W6 6 1.23
0.41 H15W7 15 7 1.25
0.39 H15W8 ’ 8 1.27
0.37 H15W9 9 1.31
0.36 H15W10 10 1.35
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Table 4. Water level rising equations by froude
number

Freeboard Equations

h,/h = 0.1845 > Fr +1.0505 o< <05
W/a= a
5710
h,/h=0.2809 < Fr+1.0494 05< <10
a
h,/h=0.4454 % Fr+1.0160 |W/a=5
h,/h = 0.5617 < Fr+-0.9988 |W/a=6
h,/h=0.6204 X Fr+0.9978 |W/a=7 o
L0<—=<15
h,/h = 0.6995 < Fr+1.0063 |W/a=8 a
h,/h = 0.8602 < Fr+0.9878 |W/a=9
h,/h=1.0607 X Frr+0.9587 |W/a=10
oA, hie RETE AN BAIYT 9. 4

e AR 2GR #m), We 58
o] FF Zol(m), H= 559 £°l(m), a= L
FH(m)E 2Jogt.

2 A8 5= FRol HiNsHA sk o
ol A-g= oo & Aoltt. ol FHRAE F3HA ©l
FolAof sh=H| FPLAFANME &t TSAE A
e H7t 71E00M AR 7hsd AR AEARY
of A5EER Q1T AFE A7t AAEC] Qiet. w2t
A o]Rt A HeF & =l A AARE F7F AL AH
AE S8t B4R AT SRAQ S A5
HEo] g H AT oAfa AA0IA &8 = S

o detEnh Iy AA ] offaLe] F71E o
AEgdd dA S eEe P ofal FHEE
3 BAH ez e FAdsia dAdolA] okt
opdsor & ke k. 22 Sof Ashell digt o]
FSRAIEHEA FEEER AT FAH Hsjass 1
Stal AU £A41E ofd Zold. ofet SHolA & A
TANE 83t A BFolAY e ofF wd
= B0 AGSEE ATAE, Tt Surs
o A 28T 5 e Aes wddEn
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N
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.
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Fro] 249 4& {58459
A/ AEIN] ol SE5FEE9 Eoldst
(H/a=0.5~1.5)° it gt {29 =wst
(W/a=5~10)°)] T2 +HHES HEI}GL 0|2 gt
A= o3t 2

Aol 42 4%

D $44E AHOR A SAYFL RolHI(H/A)
705 15t B9 oh%el Bt G vl

3 olul7h 1.0 o4 A9 SRl ot
o] ekt A SRtk

@ F5EE £olH171 0.5, 1.0 ol5td B9 4534E
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