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Estimation of Superelevation in Mountainous River Bends

|:_|I|' g|- E!* / Ol % ﬁ.** / Al_l % :J.:_*** / 5 XH %****
Park, Sang Doeg / Lee, Seung Kyu / Shin, Seung Sook / Cho, Jaewoong

Abstract

In a river bend the water surface is inclined by the centrifugal force toward the transverse section. If
channel slope and flow rate increase, the gradient is rising generally. There are lots of the flood damage
at the bends of mountain river because the flood water levels have exceeded frequently the levee levels
which are added a free board to the design flood water level. Therefore the superelevation should be
considered in designing the mountainous river bend. In present study it was proposed to estimate the
superelevation at the bend of mountain river and the superelevation coefficient defined from multiplying the
sub-factors. The values of the influence factors for the superelevation coefficient were suggested from
analyzing the superelevation measured at the bends in Yangyangnamdae river and the hydraulic experi—
ments in gravel-bed channel with a 90° bend. The applicability of these methods to estimate the superele—
vation at the bends in mountain river was verified by the superelevation measured at the bend in Naerin

river.

keywords : mountain river, superelevation, river bend, superelevation coefficient, influence factor
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H5Y AHATAL IR Bys. (2)~(6)0] vlEe T =
wele] 2 FAES A2lsPd Table 13+ 2tk Woodward
(1920), Grashof (1937), Shukry (1950), Ippen—Drinker (1962)

T,Z
A Zg\b

Center of
curvature

Datum

=T ==l

(a) Cross section at the bend

Filament of maximum
velocity

(b) Plan of bend and downstream flow

Fig. 1. Flow Behavior at a Channel Bend
(Henderson, 1966)

SectionI-1

o] Ao o3t HER= A2 T ZJo)7) §lon], o]& FollA
Ippen-Drinker2) 2] 487t 71 & Ao= LdEA 3l
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Fig. 2. Basic Concept of Superelevation in the Bend (Lee, 1997)

Table 1. Superelevation Formulas

Formulas Remarks
Woodward (1920) Ay="L(r,—r,) Woo(2001)
VZ 7'()
Grashof (1937) Ah= 2.37log7 Chow(1959)
_ w1
Shukry (1950) M=)
BV? 1
Ah= SR
' o \1-5Y 4Tf) free vortex
Ippen—Drinker (1962) e : -
= = W) forced vortex
Ay = Cl;;/“ s (B/r,>033)
ADWR (1985) e -
Ay=C—+0.25—; (B/r <0.33)
gr, 29 ‘
2
KWRA (2009) ah=158Y
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Table 2. Values of C (ADWR, 1985)
Flow type Channel cross section Type of curve C Remarks
) Rectangular Simple circular 0.5
Tranquil - B 3
Trapezoidal Simple circular 0.5 x1.15
Simple circular 1.0
) Rectangular - — -
Rapid Spiral transitions, Spiral banked 05
Trapezoidal Simple circular, Spiral transitions 1.0 x1.3

Table 3. Characteristics of River Bend in the Study Sites

Rivers Sites Width (m) Bend degree (°) Radius of central curvature (m)
Naerincheon Misan (MS) 50.8 180 134.1
Yangyang Jinam (JN) 787 110 81.0
Namdeacheon | Beopsuchi (BSC) 38.4 80 162.3
Table 4. Measured Results of the Superelevation
. Superelevation Discharge Velocity Design flood
Sites Measured date (m) (m/s) (m/s) T T
Misan (MS) 2011.7.27~ 2011.7.28 0.95~1.63 389.0~8353 | 2.98~455 2,010
Jinam (JN) 2011.7.27~ 2012.9.17 0.18~1.32 30.0~310.3 1.30~3.13 1,130
Beopsuchi (BSC) 2012.7.15~ 2012.9.17 0.09~0.56 494~ 357.0 0.65~3.72 905

Fig. 3. Sites to Investigate the Superelevation (Misan, Jinam, Beopsuchi from Left)

1168



0>~
:1:‘
L
5
o
of
X
ol
ol
N
)

Fig. 49} 22 bl o)ed Feldder 753 e sk el s
o

A9 ARE AFahelch Aol B Aol Sy 9 2 g FuS %%*SPO% shgel Tl B
AL o540 3 AL whapie] BHFRS gJolz AL O APFTol 2T b THFHS AAE
%—7]& = el AEd B A8 o83 bsR A F/PIA: SR Aol AEAFe NRR A
SRl BRPAe Y] 93 Aoltk of AFeIA o} A gl AL fyow sk AEH
s}wh PP, Fe Mool mE WUEE AjES Fo| FFH oF WINE EPshel HPFE A T4
A% Sk QFRel He 15m WHEE WL A A fAIE] 98 W) S8 JIEIEPE ol
ol FI 86m, WFRe] 9153} 1) 2 Fol mRe] W5912 ZAHAT

o}
Ela Oﬂjﬂ el 5°‘3}‘jr 5 207H ﬁ
= O

Rb shihe] 350l Sk A skt A
S T oule] HEE A 2402/ HE 7 Utk
sPdell= a9l ol 24 mmet 50 mmel F Pa’%
ok 40Cm~/] 7;1]; i /\175473/\]. 17-101] O]x] o]—

m
J%m

Fig. 4. Experimental Facilities to Investigate the Superelevation

Table 5. Experiment Conditions & Results

Channel slope Mean diameter . Average Maximum
. . Discharge . . Number
Experiments of bed material (m¥/s) velocity superelevation £ dat

Inlet | Bend | Outlet (mm) /s (m/s) (m) ot data

222 1 0.02 0.02 0.02 50 0.076~0.198 [0.770~1.189 | 0.045~0.089 7

BY 221 | 0.02 0.02 0.01 50 0.096~0.231 [0.800~1.296| 0.071~0.084 6

211 | 0.02 0.01 0.01 50 0.092~0.237 [0.876~1.247| 0.060~0.099 8

111 | 0.01 0.01 0.01 50 0.103~0.232 |0.805~1.073| 0.066~ 0.100 8

222 | 0.02 0.02 0.02 24 0.105~0.142 ]0.622~0.849| 0.051~0.053 2

BC 221 | 0.02 0.02 0.01 24 0.108~0.186 |0.657~0.843 | 0.054~ 0.066 3

211 | 0.02 0.01 0.01 24 0.106~0.186 |0.606~0.954 | 0.058~0.061 3

111 | 0.01 0.01 0.01 24 0.108~0.187 [0.584~0.802| 0.056~ 0.066 3

HBATE 1258 20144F 12H 1169
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Table 6. Superelevation Coefficients
Data Qhannel Bend Radius of DH;;Z?EISO?FSS S;grpsaé)}ﬁ Superelle\'zation Number
width (m) | curvature (°) | curvature (m) curvature channel coefficient | of data
JN 78.7 110 81.0 1.03 0.008 1.525 93
BSC 38.4 80 149.7 3.90 0.017 1.162 135
BC 1.43 90 4.7 3.29 0.01 1.453 29
BV 1.43 90 4.7 3.29 0.02 0.999 11
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Table 7. Influence Factors of Superelevation Coefficient

Factors Influence factor Range Value

Trans-factor Cross Section C—1+ tané -

(Cs) (Csc) (W, + W,)/2—tand
< 0.002 2.10
0.002 ~0.005 2.00
Approach Channel Slope 0.005 ~ 0.01 150
(Cbsa)

0.01 ~0.02 1.00

Bed factor >0.02 0.60
(Cb) <0032 0.85

Bed Material Size 0.032 ~0.064 1.00

(Cbm; dg, (m)) 0.064 ~0.128 1.25

0.128 ~0.256 1.75

> 0.256 -

<30 0.30

30 ~70 0.60

Bend Angle 70 ~ 110 1.00

(Cpc; ©)

Plane factor 110 ~ 150 1.10
(Cp) > 150 1.20

<0.8 3

Width Ratio

(Cpw; Wo/Wi) 08 ~12 2

>1.2 1

< 02 5.00

0.2 ~04 3.00

Approach Channel 04~06 1.50

Flow factor Froude Number 0.6 ~08 1.20
(Ct) (Ctf; Fr No.) 0.8 ~1.0 1.00
1.0~11 0.90

11 ~12 0.8

>1.2 0.5

Table 8. Influence Factors of Superelevation Coefficient for Appled Eqn.(7) to Misan
Factor | Trans—factor (Cs) Bed factor (Cb) Plane factor (Cp)
Place Cros(scfce)c“on Ch‘:ff;fascﬁ . | Bed Material | Bend Angle | Width Ratio
(Simbol) (Chsa) P (Cbm; d84,mm) (Cpc; °) (Cpw; Wo/Wa)

MiSan (MS) 65° 0.0092 0.12 180 1.285
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