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Abstract

The existing methods to estimate the maximum scour depth in the bend of steep gravel bed channel have been evaluated by the hydraulic
movable-bed experiments. In the 90° bend steep-slope channel paved with the fluvial gravels which are uniform in size and have a mean
diameter of 43mm, the maximum scour depths due to the flow discharge and the gradient of bed slope have been investigated and compared
with the scour depth computed from the equations. The local scour has occurred in conditions that the bed slope is steeper than 0.02 and the
F, is greater than 0.95. Except Lacey’s equation and Zeller’s equation, the existing methods computing the maximum scour depth overestimate
the maximum scour depth in the steep channel with the very coarse gravel bed. However, Lacey’s equation with the bed material size and
Zeller’s equation considering the approach channel gradient and the bend angle may be relatively used to estimate the scour depth in bend of
the steep gravel-bed river.
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Table 1. Equations for Scour Depths
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Types Equations Feature and Application | Source
0.33
d,, = 0.47(%) 6)
d,, : Mean depth at design discharge (ft) Conslfleratlmll of the . Lacey
. 3 empirical regime equation,
@ : Discharge (ft’/s) Bureau (1930)
f=1.76(Dy,)"? (Lacey’s silt factor)
Dy, : Median diameter of bed materials (ft)
— 0.24
0= Kla) @ Should only used for wide
d : Scour depth (ft) sand-bed Abbott
K :245 B ) (1963)
q : Discharge per unit width (ft*/s/ft) ureau
0.667
dy
i dyy = o 3
Discharge %0 Fy ) Consideration of the Blench
dyy : Depth for zero-bed sediment transport(ft) zero-bed sediment transport (1969)
q; : Discharge per unit width (ft*/s/ft) (Bureau)
F,, : Blench’s zero-bed factor
qf m
d,=d,,|— 4
/ ( q) @
d; : Scour depth below design floodwater level Field measurement Neill
d,, : Mean flow depth (Bureau) (1973)
q; : Bankfull discharge per unit width
q,, : Mean discharge per unit width
m_: Exponent varying from 0.67 for sand to 0.85 for coarse gravel
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Table 1. Equations for Scour Depths continued

Types Equations Feature and Application | Source
0.1
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! ! from Equ. for bridge Liu et. al
(SY: S‘C%ler:]i;pt(l)if upstream embankment (1961)
! . Length of embankment (Clark County & Denver)
5y, = 000 Pl Vo [ [siner) ™ 1} ()
Y1803 cosa
0, : Bend-scour component of total scour depth (ft)
=0when r,/7 > 10.0,0r o < 17.8°
= computed value when 0.5 < 7'0/ T< 100 or 17.8° < a < 60° Consideration of bend angle
Froude number| = computed value at « = 60° when r,/7 < 0.5, 0r o > 60° and bed slope Zeller
V., : Mean velocity of flow upstream of bend (ft/s) (MCFCD) (1981)
Y, . : Maximum water depth of flow upstream of bend(ft)
Y, : Hydraulic depth flow upstream of bend (ft)
S, : Energy slope upstream of bend or bed slope for uniform flow condition(ft/ft),
« : Angle formed by the projection of the channel centerline from the point of curvature,
to a point witch meets a line tangent to the outer bank of the channel(")
g : 3 .
= = (0.73 + 0.147 YF?)cost + F*¥sind 7 Consideration of impinging
Mussetter
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‘m
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m

Water depth |V, : Velocity for incipient motion of bed materials

Similar to the Blench
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dinax/ Yoean =—4-2146( W/ R,)+5.06 W/ R, +1.1571
d... : Maximum depth in bend

max

Y ... : Mean depth in upstream

W': Water-surface width
R, : Center-line radius of bend

&)

for sand bed
(USACE)

5 = 6.5D;,"" (if Dy, > 0.005ff) (10)
= 12/t (if Dy, < 0.005f%)
: Probable maximum scour depth (ft)

D,, : Median diameter of bed materials

Bed material

Determined by bed material
diameter, (FHA)
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(3), @ONA b A= A oHES] Al4(zero-bed regime
factor)2A] TF=r9] Arof wet T2 W Table 13- 2t}

Table 2. Z Factors for Regime Equation (Pemberton and Lara,

1984)
Conditi Value of Z
ondition Neill Lacey Blench
Straight Reach 0.5 0.25 0.6
Moderate Bend 0.6 0.5 0.6
Severe Bend 0.7 0.75 0.6
Right Angle Bend 1.0 1.25
Vertical Rock Bank or Wall 1.25
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Fig. 2. Grain Size Distribution

Table 3. Experimental Conditions

Classify Condition
Bend (°) 90
Sl o 1/50 or 1/100
ope () (Upstream, Bend, Downstream)
Channel width (m) 1.40
Upstream 8.6
Channel Bend Outer Inner
length (m) 5.1 29
Downstream 6.1
Outer curvature (m) 3.25
Inner curvature (m) 1.85
Discharge (I/s) 77 ~ 235
. Upstream 3 point (20m, 18m, 17m
Obseryatlon Igend 19 pointp (No.0~No.18 - interzzal 59
Point Downstream 4 point (8m, 7m, 5Sm, 3m)

Table 4. Experimental Results

No. Bed Slope Q(/s)| V,(/s)| F, |4, . (cm)
Case 1 76 090 |1.17 N
Case 2 77 0.77 10.92 N
Case 3 108.5| 0.88 [0.95] N
Case 4 1126 | 088 (093] N
Case 5 | Up stream : 1/50 [ 1245 097 [1.02] N
Case 6 Bend : 1/50 164.0 1.01 10.95 4.0
Case 7 Down stream : 190.0 1.19 |1.12| 164
Case 8 1/50 1907 | 114 [1.01] S
Case 9 1975 | 1.66 |1.85] 9.4
Case 10 2100 | 1.74 [1.74] s
Case 11 2114 1.74 [1.74] S
Case 12 211.8 | 1.74 |1.89] 178
Case 13 9.3 | 080 [087] N
Case 14 | Up stream : 1/50 | 1209 | 096 [1.02] N

“Case 15| Bend : 1/50 1488 | 1.04 [1.04] N
Case 16 Down stream 187.8 1.17 1.11 1.5
Case 17 1/100 2103 | 1.15 [1.01] 46
Case 18 230.5 | 130 |1.16] 135
Case 19 923 [ 0.88 [1.02] N
Case 20 1175 093 [099] N
Case 21 | Up stream : 1/50 [ 1460 | 1.03 [1.03] N
Case 22| Bend : 1/100 183.0 | 1.12 |1.04] N
Case 23 Down stream : 203.6 1.19 |1.09 N
Case 24 1/100 2230 | 124 110, N
Case 25 233.0 [ 123 [1.07] N
Case 26 2372 [ 125 [1.08] 1.2
Case 27 1025 078 J0.81] N
Case 28 113.7] 081 [0.81] N

e 3] VP Stream ¢ V100 R N

ase . . R .

Case 31| Pend: V100 —e38 1006 (083 N
Case 32 | Down stream © 057103 [088] N
Case 33 1/100 218.0 | 1.05 |087] N
Case 34 2296 | 1.07 |0.88] N
Case 35 2319 | 1.07 |087] N

% N : non-scoured, S : scoured
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Table 5. Computed Scour Depths under Experimental Conditions
Which Local Scour Have Not Occurred

Condition

Range of
Slope Range of Method g (m)
(from upstream) QW e
Mussetter 0.317~0.455
Zeller 0.014~0.023
Liu 0.254~0.369
1/50, 1/50, 1/50 |0.054~0.088 Abbott 0436-0 714
Lacey 0.044~0.052
USACE 0.165~0.252
Mussetter 0.400~0.510
Zeller 0.020~0.026
Liu 0.328~0.413
1/50, 1/50, 1/100 |0.068~0.106 Abbott 05520 854
Lacey 0.047~0.055
USACE 0.236~0.281
Mussetter 0.373~0.683
Zeller 0.018~0.037
Liu 0.302~0.553
1/50, 1/100, 1/100 |0.065~0.166 Abbott 0.529-1337
Lacey 0.047~0.064
USACE 0.206~0.372
Mussetter 0.427~0.719
Zeller 0.026~0.049
Liu 0.351~0.590
1/100, 1/100, 1/100|0.073~0.165 Abbott 0.588<1.331
Lacey 0.048~0.063
USACE 0.259~0.424
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