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Abstract: Using a spur dike is one of the most efficient methods of controlling river bank erosion. One of 
the important problems in a spur dike’s design is the local scour around its nose. Acceleration of the flow 
and the formation of strong vortices around the head of the spur dike are responsible for local scour in its 
vicinity. This laboratory study examined the effect of time, the Froude number, and the orientation (i.e. the 
angle of skewness) of the spur dike on the dimensions of the scour hole that forms around its nose. 
Scour-hole dimensions measured included the maximum scour depth, the maximum length of the scour 
hole, and the scoured volume. The study focused on the effect of the angle of skewness of the spur dike 
on the scour-hole dimensions. Seventy five experiments were conducted. Five angles of skewness (30, 
60, 90, 120, and 150 degrees) of the spur dike were tested. Scour holes were surveyed after 5, 20, 40, 60 
and 90 minutes from the start of the flow. For every skewed spur dike three discharges were used. In all 
models, the length of the spur dike was adjusted such that, given its skewness angle, its projection 
perpendicular to the flume wall was 50% of the flume width. It was found that the relative maximum depth 
of scour increased with the increase of the angle of skewness until it reached 90 degrees then decreased. 
The relative length and volume of the scour hole were found to increase with the increase of the angle of 
skewness. 

1. Introduction and Review of Literature 

Scour is a result of the sediment transportation process caused by the flow of fluid. If the sediment rate 
transported into a certain area is less than that transported out of this area, then a scour hole exists. 

A spur dike is defined as an elongated structure having one end on the bank and the other end projecting 
into the stream current. Spur dikes have been widely used as bank protection devices, as abutments in 
bridges, as sidewalls in water intakes, as groins and mooring berths in inland navigation harbours, etc. As 
the existence of the spur dike obstructs the flow, local scour takes place around it causing the depth of 
the spur dike footing to decrease leading finally to its failure. 

The angle of skewness of the spur dike affects the degree of flow obstruction caused by the spur dike 
and, consequently, it affects the dimensions of the scour hole. The present work studies the scour hole 
that forms around artificial spur dikes. It focused on the effect of the angle of skewness of the spur dike 
on the dimensions of the scour hole. 
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Due to the large damage costs caused by local scour, the topic has received large attention from 
researchers all over the world. Scacchi et al. (2002) studied the influence of flow depth on the discharge 
distribution changes at bridge sections that occur during the development of abutment scour. The results 
of their study indicated that, for a given bridge width, the local abutment scour depth controlled the 
discharge distribution process. Kuhnle et al. (1999) measured experimentally the volume of scour holes in 
the vicinity of model spur dikes oriented at 90 degrees with the river banks. Spur dike length, flow depth, 
and shear velocity varied in their experiments and found to have a significant influence on the volume of 
the scour hole. Melville (1992) showed that the abutment scour is a function of many factors such as flow 
intensity factor, abutment length factor, sediment gradation factor, abutment shape factor, abutment 
alignment factor, and approach channel geometry factor. Sturm and Janjua (1994) reported that abutment 
scour is mainly a function of the contraction ratio caused by the abutment. Kuhnle and Alonso (1999) and 
Kuhnle et al. (1998 and 2002) conducted a series of experiments where the volume of the scour hole 
associated with model spur dikes was measured in a laboratory flume under clear-water overtopping 
flows. Spur dike models were angled at 45, 90, and 135 degrees to the downstream channel sidewall with 
contraction ratios of 0.125 and 0.250. The main objectives of their experiments were to evaluate the effect 
of the three angles on the volume of scour. Their results showed that of the three angles tested, the spur 
dike with the 90 degree angle experienced the least amount of bed erosion in the near bank region. They 
found also that the greatest volume of the scour hole was associated with the 135 degree angle. Kothyari 
and Ranga Raju (2001) carried out a comparative study between scour around spur dikes and scour 
around piers.  

The present experimental time dependent study analyzed experimental data to relate the scour-hole 
dimensions to time, flow parameters, and angle of skewness of the spur dike. 

2. Theoretical Considerations  

In this study, the maximum depth of scour, D, is the dependent variable. It can be expressed as a function 
of the independent variables as follows 

[1] D = f (L1, W1, α, y, U, D50, νs, ρ, ν, g, t, L, V) 

where L1 is the projected length of the spur dike normal to the flow direction, W1 is the spur dike width, α 
is the angle of skewness of the spur with the stream, y is flow depth, U is flow mean velocity, D50 is the 
mean sediment diameter, γs = g (ρs – ρ) is the sediment submerged specific weight, ρ and ν are the water 
mass density and kinematic viscosity, respectively,  g is the acceleration due to gravity, t is the time, L is 
the length of scour hole, and V is the volume of the scoured soil. 

In this study, L1, W1, D50, and γs are kept constants, and the effect of Reynolds number may be neglected. 
Applying the Buckingham pi theorem, the normalized main scour hole dimensions can be expressed as 

[2] D/y = f (F, t/to, α, L/y, V/y3) 

[3] L/y = f (F, t/to, α, D/y, V/y3) 

[4] V/y3 = f (F, t/to, α, D/y, L/y) 
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where D/y, L/y, V/y3 are the relative depth, length and volume of the scour hole, respectively, F is the 
Froude number, t/to is the time of scour normalized by a characteristic time to. 

3. Experimental Arrangement and Experiments 

Experiments were conducted in a flume of the re-circulating type as shown in Figure 1. The length of the 
flume is 23.2m. It consists of two identical rectangular concrete sections; each is 0.8 m wide and 0.9 m 
deep, separated by a 0.3 m thick concrete wall. One pump is used to withdraw water from a ground tank 
and discharge it into the flume. Water flows through the test model and then it is discharged into the same 
ground tank. A drainage system was installed to dry the sand bed before measuring bed configurations. 
The drainage system consists of 3 perforated UPVC 40 mm diameter pipes equipped with sluice valves to 
control the rate of bed drying. Water depths and bed configurations were measured using a point gauge 
fixed on a carriage, and the flow discharge was measured using a pre-calibrated 90° triangular notch.  

Modeled spur dikes are projected from one side of the flume. All spur dikes have the same projected 
length normal to the flow direction (0.40 m) and the same width (0.15 m) but make different angles with 
the flow direction called the angle of skewness α. The angles of skewness tested were 30, 60, 90, 120, 
150 degrees. The angle α is measured in the clockwise direction from the spur dike to the flume wall and 
the length of every spur dike was adjusted so that, given the angle of skewness, its projected length is 
0.40 m.  Therefore, in all experiments water was allowed to pass through only one half of the original 
flume width. The sand used for this model study has a specific gravity of 2.68, a submerged specific 
weight of 1.68 t/m3, a fineness modulus of 2.54, and contains 0.76% by weight of clay and fine dust. The 
Sieve analysis is shown in Figure 2. 

Seventy five experiments were conducted. Five models were tested each with three different discharges 
and five different run times (5, 20, 40, 60, 90 minutes). Calibrating tests were first performed to determine 
the limitations of the test parameters. In each run, the model was constructed with the required angle of 
skewness and the sand bed was levelled to the zero level. Water was allowed to pass with the desired 
discharge for the required run time, then the flow was stopped and the test section was dried using the 
drainage system and the bed levels were measured over a 0.1m by 0.1m grid. The ranges of the model 
parameters were 7.67 to 41.68 L/s for discharge, 3.6 to 8.5 cm for water depth, 17.44 to 65.96 cm/s for 
velocity, 0.237 to 0.749 for the Froude number, 5 to 90 minutes for the time, and 30 to 150 degrees for 
the angle of skewness. 

4. Experimental Results and Analysis 

4.1 Bed Configuration  

Complete 10cm by 10cm grids were surveyed for all the seventy five runs. Figures 3 and 4 are two 
samples of the contour maps of the scoured area. The scour effects were denoted using labels and 
shading. The test area may be divided into five main regions. Region (1) is upstream of the spur dike 
where ripples and dunes were formed due to flow on the mobile bed. Region (2) is around the nose of 
spur dike where the obstruction of flow by the spur dike generated strong vortices that attacked the bed 
around the spur nose creating the deepest scour hole. Region (3) is in the dead zone between the 
channel boundary and the spur dike where the flow velocity is approximately zero creating a small 
sedimentation zone. Region (4) is beside the spur dike wall where partial flow obstruction caused 
moderate strength vortices that resulted in scour hole with less depth compared to that in region (2). 
Region (5) is downstream the spur dike where the section began to regain its total flow area and its 
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normal velocity and the ability of the flow to carry sediments as suspended load and/or bed load 
decreased resulting in a sedimentation zone. 
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 Figure 1. The Flume (Dimensions are in meters) 
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Figure 2. Sieve Analysis for the Used Sand. 
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Figure 3. Bed Configuration (Q = 32.5 L/s, y = 8.5 cm, F = 0.524, t = 5 min, α = 150o) 
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Figure 4. Bed Configuration (Q = 32.5 L/s, y = 8.5 cm, F = 0.524, t = 20 min, α = 150o) 
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4.2 Effect of Time on Scour Parameters 

Figures 5, 6, and 7 show samples of the time variation of the relative maximum depth of scour, D/y, the 
relative length of scour, L/y, and the relative volume of scour hole, V/y3, respectively, for a range of the 
Froude number for the case of α = 30o. The scour parameters were normalized by the depth of flow and 
the time was normalized by a characteristic time, to equal to 5 minutes. The symbols represent the 
experimental data and the solid lines are lines of best fit. Figures 5 to 7 show that, for a constant Froude 
number, each of the relative scour parameters increase with time, while the rate of its increase decreases 
with time. Local scour occurs due to the increase of the flow velocity and the boundary shear stress. With 
time, and as the scour increases, the flow sectional area increases and hence the flow velocity and 
boundary shear stress decrease. Thus, the rate of scour decreases with time. Figures 6 to 8 also show 
that at a constant time the normalized scour hole parameters increase with the Froude number. Statistical 
analysis resulted in the following equation for the relation between the relative scour parameter and 
relative time. 
 

[5] 2
o

1 C
t
tLnCParameterScourRelative +







=  

where C1 and C2 are coefficients that were found to vary with the Froude number and the angle of 
skewness of the spur dike, α. Table 1 shows the values of the coefficients C1 and C2 with the 
corresponding values of the Froude number and the spur dike angle. 

4.3 Effect of the Froude Number on Scour Parameters 

Figures 8, 9, and 10 show the variation of the three normalized scour parameters D/y, L/y, and V/y3 with 
the Froude number F for the five different angles of skewness of 30, 60, 90, 120, and 150 degrees. These 
figures are shown for a constant relative time, t/to = 18. 
 
Figures 8 to 10 show that the relative scour parameters increase with the increase of the Froude number 
for all the studied angles of skewness. An increase in the Froude number of the flow results in an 
increase in its inertia force and consequently its carrying capacity. That is, the higher the flow Froude 
number the greater the ability of the flow to move and carry sediments resulting in scour. 
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Figure 5. Variation of D/y with t/to for Different Froude Numbers (α = 30o) 
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Figure 6. Variation of L/y with t/to for Different Froude Numbers (α = 30o) 
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Figure 7. Variation of V/y3 with t/to for Different Froude Numbers (α = 30o) 
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Table 1. Variation of C1 and C2 with the Froude Number and the Spur Dike Angle 
 

α (Deg) C1 C2 F 
D/y 

30 
0.1212 1.1602 0.507 
0.1038 1.0146 0.475 
0.0979 0.8499 0.414 

60 
0.2288 2.1898 0.448 
0.2038 1.9916 0.537 
0.2122 1.8415 0.569 

90 
0.7165 2.8040 0.749 
0.3664 2.4621 0.483 
0.2727 2.2742 0.237 

120 
0.4352 2.1261 0.491 
0.2975 2.1034 0.474 
0.3202 1.7489 0.285 

150 
0.2769 1.9964 0.524 
0.3146 1.6622 0.450 
0.2830 0.9506 0.300 

L/y 

30 
0.5522 4.143 0.507 
0.4417 3.511 0.475 
0.4904 3.153 0.414 

60 
0.9421 7.489 0.448 
0.9434 6.665 0.537 
0.6026 6.203 0.569 

90 
1.1915 8.558 0.749 
0.9322 7.410 0.483 
0.6198 6.380 0.237 

120 
2.2742 12.871 0.491 
2.6179 12.161 0.474 
1.9121 10.915 0.285 

150 
2.5497 17.139 0.524 
2.3061 16.088 0.450 
2.1098 14.719 0.300 

V/y3 

30 
12.902 55.896 0.507 
14.562 33.897 0.475 
9.522 23.957 0.414 

60 
18.170 78.616 0.448 
15.149 67.695 0.537 
6.689 49.685 0.569 

90 
58.911 137.270 0.749 
23.436 79.358 0.483 
18.381 52.338 0.237 

120 
94.332 418.45 0.491 
89.795 249.99 0.474 
37.195 191.76 0.285 

150 
196.090 505.07 0.524 
166.390 386.95 0.450 
98.595 333.82 0.300 
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Figure 8. Variation of D/y with the Froude number F at Different Angles of Skewness (t/to = 18) 
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Figure 9. Variation of L/y with the Froude number F at Different Angles of Skewness (t/to = 18) 
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Figure 10. Variation of V/y3 with the Froude number F at Different Angles of Skewness (t/to=18) 
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4.4 Effect of Angle of Skewness on Scour Parameters 

The angle of skewness, α, in this study is the angle, in the clockwise direction, between the spur dike and 
the main direction of flow. Five different angles were examined; 30, 60, 90, 120, 150 degrees. 

4.4.1 Relative Maximum Depth of Scour 

Referring to Figure 8, it can be shown that the relationship between the angle of skewness α and the 
relative maximum depth of scour D/y is that the relative maximum depth of scour increases with the angle 
of skewness and that it reaches its maximum value when α is equal to 90 degrees and then decreases 
with the increase of α. The results showed that when α is greater than 90 degrees the spur dike retains 
sand particles more efficiently making it difficult for the sand in the vicinity of the scour hole to travel 
downstream. 
 

4.4.2 Relative Length and Volume of the Scour Hole 

 
In Figures 9 and 10, the relative length of scour L/y and the relative volume of scour V/y3 increase with 
the increase in the angle of skewness, α. This conclusion regarding the increase of the volume with the 
spur dike angle is consistent with the findings of Kuhnle et al. (2002) where they also found that the 
maximum scoured volume was associated with the greatest orientation angle of the dike. The increase in 
skewness angle α causes the obstruction effect of the spur dike to be more severe causing the eddies 
that form upstream and downstream of the dike to be longer with a lower flow velocity which causes the 
scour hole to be longer and shallower. 

5. Conclusions 

An experimental study was conducted to investigate the effect of time, the Froude number, and angle of 
skewness of the spur dike on the scour hole dimensions. Within the limits of the parameters and 
conditions studied, the following conclusions are made 

1. The relative scour parameters increase with time in a logarithmic trend while the rates of 
increase decrease with time. 

2. The relative scour parameters increase with Froude number. 

3. The relative maximum depth of scour increases as the angle of skewness increases until 
it reaches 90 degrees then begins to decrease with further increases in the angle of 
skewness. 

4. The relative length and volume of scour increase with the increase in the orientation 
angle of the dike. 

 10 



6. References 

Kothyari U. and Ranja Raju K. (2001). “Scour Around Spur Dikes and Bridge Abutments”, Journal of Hydraulic 
Research, Vol. 39, No. 4. 

Kuhnle A. (2003). “Local Scour in the Vicinity of Spur Dikes”, Ongoing research projects of Channel and 
Watershed Processes Research Unit USDA-ARS National Sedimentation Laboratory. 

Kuhnle A. and Alonso C. (1999). “Local Scour under Simulated Hydrograph”, Laboratory Publication, 
Agriculture Research Services (ARS), United States Department of Agriculture (USDA). 

Kuhnle A., Alonso C., and Shields F. (1998). “Volume of Scour Holes Associated with 90 Degree Spur 
Dikes”, Proceedings of the Channel and Watershed Conference, P.O.BOX1157, Mcelroy, Oxford. 

Kuhnle A., Alonso C., and Shields F. (2002). “Local Scour Associated with Angled Spur Dikes”, Journal of 
Hydraulic Engineering, ASCE Vol. 128, No. 12, pp 1087-1093. 

Kuhnle, A., Alonso, C., and Shields, F. (1999). "Geometry of scour holes associated with 90o spur dikes", 
J. of Hydraulic Engineering, Vol.129, No.9, pp 635-646. 

Melville B. (1992). “Local Scour at Bridge Abutment”, Journal of Hydraulic Engineering, ASCE Vol. 118, 
No. 4, pp 615-631. 

Radice A., Franzetti S. and Ballio F. (2002). “Local scour at bridge abutments”, Proceedings of the 
International Conference on Fluvial Hydraulics, The Netherlands, ISBN 90 5809 509 6 Paper no. 107. 

Scacchi G., Martin J. and Schreider M. (2002). “Flow depth effect on the discharge distribution at bridge 
sites”, Proceedings of the International Conference on Fluvial Hydraulics, The Netherlands, ISBN 90 
5809 509 6 Paper no. 106. 

Sklenar P. (2002). “Evaluation of flow resistance in a straight channel with a group of spur structures”, 
Proceedings of the International Conference on Fluvial Hydraulics, The Netherlands, ISBN 90 5809 
509 6 Paper no. 155. 

Sturm T. and Janjua N. (1994). “Clear-Water Scour Around Abutments in Floodplains”, J. of Hydr. Eng., 
ASCE Vol. 120, No. 8, pp 956-972. 

 11 


