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Abstract Since the 1960s, traffic infrastructure, such as bridges, has increased rapidly in Korea as
urbanization and industrialization progressed due to economic growth. As the scale of the bridge
becomes larger, stability analysis of the superstructure of the bridge is being conducted actively, but
scour stability analysis for the substructure of the bridge has not been conducted sufficiently. This study
is a basic investigation to prevent large-scale disasters caused by scouring in bridge piers. A simple
linear regression model was used to analyze the scour depth calculated through seventeen scour depth
calculation formulae, and the scour depth measured through hydraulic model experiments. As a result,
the Coleman (1971) formula was the best method among the scour depth calculation formulae, and the
Froehlich (1987) formula was the most effective method for calculating the scour depth. In addition, a
review using a simple regression model confirmed that the scour depth calculation formulae of CSU
(1993), Coleman (1971), and Froehlich (1987) can predict a similar scour depth by reflecting domestic
stream characteristics. This study can calculate the scour depth reflecting the environmental conditions

of Korea in future stream design.
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Table 1. Prediction formulas of scour depth around pier

No. Proposer Year Prediction Formulas of Scour Depth around Pier
2
. . d :
1 Inglis - Poona 1962 s q  \0.78
- = 1‘ 2
7 70( b )
1
2 Inglis - Lacey 1966 ds — 0946(%) 3 _ y
3 Laursen 1969 ds = 1.5Kb0‘7y0‘3
d,
4 Chitale 1971 — = 6.65F. —0.51— 5.49F"
Y
d, 2
5 Ahmad 1973 —= = L4F?—1)
b b !
6 Breusers 1975 d 1.4b
d‘ d50 <
7 Hancu 1987 -2 =33(—> 0-2( Y y0.3
e
8 Shen I 1993 d, = 0.00023(Re )"
d, + .
9 Blench 1969 s 7Y = 1.8(i)0‘20
Yy Yy
d, )
10 Shen-Karaki I 1969 T = 11F,
11 Shen-Karaki I 1969 TS = 3.4F"7
12 Coleman 1971 2 = 1.39}7792(&)09
Y
. s Yo.3
13 Neill 1973 — = 1.5(=+
. 5(3,)
14 UGSG 1975 d, =1.2"°
15 Basik-Basamily-Ergun 1975 ds — 0_558b0.586
d. ’
16 Froehlich 1987 s _ 0.32]{1 (b_)().ﬁz(E)OAGFT().Q(L)O‘OS_|_ 1
b b b dsg
d 43
17 csu 1993 - =920k k2k3( )0 65 p0-
Y

b : Pier width, ds : Scour depth, b

: Projected width of pier, F

Froude number, Kl

Correction factor for pier nose shape, K2 :

Correction factor for attack angle of flow, K. 3 ¢ Correction factor for bed condition, Re : Reynolds number, Y : Water depth, Q : Flow(m"/sec)
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Table 2. Hydraulic experiment data
Source Year Number of data Parameter
Johnson 1992 130 dso y, b, F.,d,
Dey et al. 1995 18 dso by, V, Vi, dy, Ky, Ky, n,m
Melville and Chiew 1999 84 dsy, b,y, V, d,
Miaand Nago 2003 23 dsgs b, y, V, @, d
Sheppard et al. 2004 14 dsos b,y V, V., d,
Sheppard and Miller 2006 24 dsgs b, y, V, V. d
Lai et al. 2009 58 dso, b, y, V, d,
summation 351

b : Pier width, Y @ Water depth, d50 : Median diameter, d

VC . Critical velocity, Q :Flow

S
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: Scour depth, E

. Froude number, V : Average velocity,
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Inglis —

Poona, Inglis — Lacey, Laursen, Chitale, Ahmad,

Breusers, Hancu, Shen I, Blench, Shen-Karaki II,

Table 3. Results based on statistical evaluation criteria

Shen-Karaki II, Coleman, Neill, UGSG, Basik—
Basamily-Ergun, Froehlich, CSUE &&3st9%. Z¢
n7t Al AMEAe S B 7IE0l 2 5

Ao H7PE2 BHEANHE 2 AHMAPE), 54
U), F-2HO(FB), 715HBHEAMG), 7ISHEAHGVY),
et HAE2AHNMSE), 52X E(0A)2] 735
ol T ARF S o FATHY] RS &

QIshoiet.

Table 3.2 $A 71 710] oft Asfolot, 2
TA I S RS el Al A A E
B w7 ABA AEA B M fas e

Coleman HHo] A€lz]glow, MAPE, U, FB, MG,
GV, NMSE, I0AY gtol Z7+ 583798, 0.0213,
-0.0038, 1.0213, 1.0004, 0.1663, 0.9994, 0.9458%
7P AAY F AR 22 Aig Boih ERh A
Al ol 0.9458% LLE v F 2HAR IA YeRd
Z1& @915l Coleman WHo] Wzt AlZ4] Ao o
olA 7Hg 43 WhHog UrEP& A sttt o
=07 Wz AlZAl AP0 a5t 2 Froehlich %
Hog MAPE, U, FB, MG, VG, NMSE, I0AY gko]
Z2+ 64.2487, 0.0131, 0.0027, 1.1003, 1.0092,
0.1971, 0.99950& HE Zlo] thE "ol uls) Al
Ao ufe Zgkom A F2 0.93830% BE

Method Rank
MAPE 9] FB MG VG NMSE I0A CORRE

Inglis.P [293.5259 (15)| 0.3241 (14) | 0.1676 (15) | 2.8821 (14)| 3.0662 (14) | 1.5349 (12) | 0.9998 (14)| 0.7818 (12)
Laursen |113.2091 (8) | 0.1243 (8) | 0.0356 (10) | 1.6154 (9)| 1.2586 (9) | 0.4604 (8) | 0.9997 (10)| 0.9368 (4
Chitale |189.7618 (13)| 0.1704 (12) | 0.0506 (13) | 1.865 (12)| 1.4747 (12) | 1.4423 (11) | 0.9997 (10)| 0.3929 (15)
Breusers | 73.9618 (3) | 0.0383 (4 | 0.0087 (4 | 1.1668 (4| 1.0241 (4 | 03382 (5) | 0.9996 (5) | 0.9242 (8)

Shen [110.5401 (7) | 0.1081 (7) | 0.0254 (7) | 1.5925 (8)| 1.2417 (8) | 0.3389 (6) | 0.9995 (3) | 0.8717 (10)
Blench |1377.805 (17)| 0.6945 (17) | 1.5189 (17) | 9.6161 (16)[167.8628 (16) | 5.8578 (16) | 0.9997 (10)| -0.436 (13)

Hancu |[742.3084 (16)| 0.5117 (15) | 0.7742 (16) | 6.1756 (15) 27.5112 (15) | 4.9576 (15) | 0.9999 (17)| 0.9253 (6)
Neill [113.2091 (8) | 0.1243 (8) | 0.0356 (10) | 1.6154 (9)| 1.2586 (9) | 0.4604 (8) | 0.9997 (10)| 0.9368 (4
Ahmad [281.6612 (14)| 0.284 (13) | 0.1368 (14) | 2.4932 (13)| 2.3039 (13) | 2.5533 (13) | 0.9998 (14)| 0.3189 (16)
Inglish.L | 177.5593 (12)| 0.5136 (16) | -0.0227 (5) | 17.0861 (17)[3151.817 (17) | 13.0371 (17) | 0.9996 (5) | -0.4302 (14)
Shen.K |[158.0952 (11)| 0.1301 (11) | 0.048 (12) | 1.1116 ()| 1.0113 (3) | 4.1063 (14) | 0.9998 (14)| 0.309 (17)
Shen] |[100.7978 (5) | 0.0933 (5 | 0.0235 (6) | 1.3973 (6)| 1.1184 (6) | 0.5648 (10) | 0.9996 (5) | 0.8272 (11)
UGSG  [125.6859 (10)| 0.1269 (10) | 0.0334 (9) | 1.6842 (11)| 1.3123 (11) | 0.3027 (4@ | 0.9996 (5) | 0.9246 (7)
Basik.B.E | 943295 (4) | 0.0243 (3) | 0.0043 (@) | 1.3684 (5)| 1.1034 (5) | 0.4486 (1) 0.9102 (9
Froehlich 0.9995 (3) | 0.9383 ()
CSU  [103.5854 (6) | 0.1074 (6) | 0.0262 (® | 1.5698 (7)| 1.2255 (7) | 0.2014 (3) | 0.9996 (5)
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Table 4. Results based on model evaluation criteria

HL Laursen ¥} Coleman, Neil, Shen.] 2 291
El“‘:‘r TS A ofs 717@ AU Shen W
%“oﬂi O EAHE T g 25l o8 712+

T5igict. S7A1#Q1 2 74]—r Fo= It 7t
e CSU WHo & 3RQIF1SH, Coleman,
Froehlich, Neil, Laursen, Hancu, UGSG, Breusers,
Basik.B.E. Shen, Shen..], Inglis.P, Blench, Inglish.
L, Chitale, Ahmad, Shen K % o0& fa3he &
sk, A42+e] AR A4= 0.9405, 0.9386, 0.9304,
0.9288, 0.9288, 0.9163, 0.9155, 0.9151, 0.9001,
0.8602, 0.8161, 1.7737, 0.5284, 0.5255, 0.5077,
0.4770, 0.4734% 1=t

I FUIO i)

=]
=3 = 1=
RET P

5. 22

B QAToIAE mge s =Rl WA WAgsh
£ A2 B0 Ut Al o] 91 7%
A7 17709 37 A24 APRAE viow Ae
57k A2A Zoloh 47 BYNYL viPoR 24
Aol Hhstol SeAgslnL g Testel R4
o, thewt g ABS EASAT

F

32

Method Interceptions slope H :a=0,=1 H :a=0 H :3=1 R? (Rank)
Inglis.P -0.0269 0.04802 dismissal dismissal dismissal 0.7737(12)
Laursen 0.0015 0.6735 dismissal citation dismissal 0.9288(4)
Chitale 0.0548 0.3452 dismissal dismissal dismissal 0.5077(15)
Breusers 0.0216 0.7304 dismissal dismissal dismissal 0.9151(8)
Shen -0.0470 1.0212 dismissal dismissal citation 0.8602(10)
Blench 0.4641 -0.3858 dismissal dismissal dismissal 0.5284(13)
Coleman 0.0001 1.0666 dismissal citation dismissal 0.9386(2)
Hancu -0.0502 0.2752 dismissal dismissal dismissal 0.9163(6)
Neill 0.0016 0.6735 dismissal citation dismissal 0.9288(4)
Ahmad 0.0722 0.1803 dismissal dismissal dismissal 0.4770(16)
Inglish.L 0.0995 -0.3890 dismissal dismissal dismissal 0.5255(14)
Shen.K 0.0964 0.1410 dismissal dismissal dismissal 0.4734(17)
Shen.] 0.0115 0.6845 dismissal citation dismissal 0.8161(11)
UGSG -0.0274 0.8465 dismissal dismissal dismissal 0.9155(7)
Basik.B.E -0.1176 1.8222 dismissal dismissal dismissal 0.9001(9)
Froehlich 0.0140 0.8520 dismissal dismissal dismissal 0.9304(3)
CSU -0.0371 0.9556 dismissal dismissal dismissal 0.9405(1)
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