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Abstract A drop structure, one of the representative river-crossing structures, is constructed to stabilize
a riverbed. On the other hand, the structure interrupts the continuity of the river and causes the
destruction of the hydro-ecological environment. Therefore, laboratory experiments of a natural type of
drop structure with low differences were performed, and the empirical formula of a local scour hole is
proposed. Four experimental flow rates were tested for various types of the drop structure models with
28 test cases. Based on the scour test, it was confirmed that the maximum scour depth occurs rather than
the result of applying the previously proposed scour depth formulae. Correlation analysis of the major
factors of scour hole at the downstream of the drop structure revealed a strong correlation between the
upstream flow characteristics, drop structure height, and total crossing length of the drop model. In
addition, the depth and length estimation formula of the maximum scour hole were proposed using the
dimensionless variables and validated. In the future, it is also expected that more accurate scour
prediction and calculation can be derived by conducting experimental studies and numerical analysis

considering the various bed materials and flow conditions.
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Fig. 1. Schematic diagram of drop scour [7]

Table 1. Previous studies and empirical equations

Previous Equations

studies quatt
Schokiltsh [3] Yot hy = e TH? dy?
Veronese [5] Yme = KH ¥ —h,

Zimmerman

’ B qﬂ_gz h, 0. 93_ ,
Yme = Dl) 23 z/; t

& Maniak [6]

Bormann & o p B Using
Julien [7] Yme P(2A9) 8l

Fahlbusch [8] Yme T hy = czl,\/qusin(ﬂg

Hoffmans [4] modified equation by Fahlbusch (1994)

Ypm,e= maximum scour depth (m); C4= constant
(4.75); Q= discharge per unit width (m*/s); ht:
water depth at downstream (m); H-=difference
of water depth between upstream & downstream
(m); dg() & d85: sediment size (m) at which 90
definitions |and 85 percent of the sieve analysis mass

approaching velocity of jet

(V2gH); 0 = angle of jet flow (degree); g=

gravitational acceleration (9.81 m/s; ](;)z a

smaller; Ul =

constant related to jet flow and angle of repose;
A= relative density; Dp: height of the drop
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Fig. 2. Schematic diagram of experimental channel and drop model [9]

Table 2. experimental conditions and results [9]

(not to scale)

Case Angle of Apex (°) q (m*/s) H (m) hy (m) Ym.e (M L, (m)
180-1 0.010 0.135 0.045 0.235 0.460
180-2 0.020 0.148 0.046 0.453 0.870
180-3 180 0.030 0.162 0.064 0.650 1.270
180-4 0.040 0.173 0.082 0.765 1.420
160-1 0.010 0.137 0.047 0.283 0.530
160-2 160 0.020 0.153 0.057 0.555 0.990
160-3 0.030 0.164 0.066 0.719 1.400
160-4 0.040 0.177 0.087 0.808 1.500
140-1 0.010 0.104 0.037 0.326 0.610
140-2 140 0.020 0.152 0.056 0.586 1.070
140-3 0.030 0.163 0.072 0.777 1.500
140-4 0.040 0.174 0.082 0.884 1.710
120-1 0.010 0.131 0.047 0.333 0.580
120-2 0.020 0.143 0.057 0.619 1.120
120-3 120 0.030 0.157 0.070 0.798 1.300
120-4 0.040 0.167 0.086 0.852 1.630
100-1 0.010 0.129 0.048 0.352 0.670
100-2 0.020 0.141 0.057 0.600 1.220
100-3 100 0.030 0.153 0.072 0.733 1.480
100-4 0.040 0.165 0.087 0.772 1.611
80-1 0.010 0.123 0.048 0.346 0.750
80-2 0.020 0.137 0.057 0.575 1.212
80-3 50 0.030 0.147 0.068 0.698 1.466
80-4 0.040 0.158 0.084 0.738 1.650
60-1 0.010 0.124 0.046 0.344 1.055
60-2 0.020 0.135 0.056 0.530 1.543
60-3 % 0.030 0.147 0.073 0.619 1.719
60-4 0.040 0.154 0.087 0.619 1.740
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