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ABSTRACT 
One of the factors affecting destruction of spur dikes is the local scour around them. Ripraps are 

commonly used to control scouring around spur dikes. In the present study, several experiments 
were performed in a laboratory flume made of Plaxiglass with 180 degree bend to investigate the 

effect of spur dike length on riprap stability. These experiments were conducted using various 

lengths of spur dike along with surrounding ripraps. Ripraps with 3 different densities and 
diameters were used in a constant flow rate and clean water conditions. In each experiment, flow 

depth was measured at two states of motion threshold and failure threshold and then desired 

relations were calculated based on these obtained data. Results indicated that by increasing 
Froude number and relative diameter of riprap particles, stability number of particles reduced at 

these two states.  
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INTRODUCTION 

 

 Spur dikes are some relatively economical and suitable structures traditionally designed for different river 

improvement purposes. They cause river channel constriction which in turn alters inflow pattern. Presence of a 

spur dike in a channel can induce large bed shear stress, helical flows, downward flows and scouring at the 

upstream of the spur dike nose. Construction of structures like spur dikes on a channel produces helical and 

eddy currents around the structure. These factors collectively lead to the removal of sediments from the bed 

around the spur dike and produce a hole by scouring. This scour hole is extended around the spur dike nose and 

over time, leads to destruction and reduced efficiency of the structure. 

 One of the methods to reduce scouring around a spur dike is to use a riprap to strengthen the river bed and 

enhance its resistance to shear stresses due to stream. Due to availability of material, simplicity of 

implementation, and low cost, using a riprap is a very conventional method. Though, one of the important issues 

is to investigate the effect of various lengths of spur dike on riprap stability around it.  

 Simons and Lewis (1971) in order to determine the relationships between diameters of riprap around the 

bridge abutment presented an equation as follow: 

 
250

1

67.0
Fr

Gy

D

s 
                                       (1) 

 Pagan-Ortiz (1991) to determine the diameter of riprap around the bridge abutment presented equation (2) 

for relationships between bridge abutment and vertical walls: 
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 Richardson and Davis (1995) on bases of range of Froude number determined equation (3) to perfect 

diameter of riprap around the bridge abutment with vertical walls: 



112 

 

 

 
250

1

02.1
Fr

Gy

D

s 
           8.0Fr                        (3) 

 Australian and New Zealand Transport and Traffic Organization (1994) presented the following expression 

for designing a proper diameter of a riprap around a bridge abutment. 

                                                                                                   (4) 

 Considering the Froude number range and including a factor which is definable based on the abutment type 

(0.89 for wing-wall abutments and 1.02 for vertical wall abutments), Richardson and Davis introduced the 

following relation. 

                                                                                  (5) 

 Keykhae et al. (2009) investigated the riprap pattern at construction site of bridge pier groups. Their results 

showed that riprap coverage area in the pier groups reduced for each individual pier compared to the single 

bridge pier, which is one the privileges of using ripraps for protection of pier groups.  

 Masjedi et al. (2010) performed a series of investigation on the time development of local scour at a spur 

dike. Spur dikes have been used extensively for erosion control in the external wall of river bends. Experimental 

investigation on scoring and determination of depth of scoring are among the most important issues in spur dike 

designation. The overall objective of the research is to study the temporal development of the scour for a spur 

dike. The study was conducted using in a 180 degree laboratory flume bend with a relative radius of Rc/B=4.67 

operated under clear-water conditions. The median size and geometric standard deviation of bed material were 

equal to d50 = 2 mm and σg = 1.7 respectively. Tests were conducted using one spur dike with 110 mm length 

in position of 60 degree under four flow conditions. In this study, the time development of the local scour 

around the spur dike plates was studied. The effects of various flow intensities (u*/u*c) on the temporal 

development of scour depth at the spur dike were also studied. The time development of the scour hole around 

the model spur dike installed was compared with similar studies on spur dikes. The results of the model study 

indicated that the maximum depth of scour is highly dependent on the experimental duration. It was observed 

that, as flow intensities (u*/u*c) increases, the scour increases. Measuring time and depth of scouring based on 

experimental observation, an empirical relation is developed with high regression coefficient 97%. 

 Zarrati et al. (2006) were investigated single caps and continued caps along with riprap in the bridge 

abutments groups. The results showed that the combination of continued caps along with riprap led to a 

reduction in scour depth of 50 and 60 percent on the front and back of the abutment, respectively. Also, the 

performance of single caps on each abutment was better than performance of continued caps on two abutments.  

 In the dimensional analysis of this study some constant parameters including curvature radius of bend, 

relative curvature of bend, and flume width are excluded and by considering a steady flow and constant fluid 

properties, the following relation between parameters affecting riprap parameters at an equilibrium state is 

presented:  

g، ،L،                                                                  (6) 

 Where R is the central radius of bend, B is the channel width, α is the angle of spur dike position in bend, V 

is the flow velocity,  is the flow depth at downstream, g is the acceleration of gravity,  is the specific 

gravity of water,  is the particle size, and  is specific gravity of riprap particles, L is the length of spur 

dike and  is the longitudinal slope of channel bottom. By excluding constant parameters in eq.6, we have: 

g، ،L، )                                                                           (7)     

 After determination of repeating variables based on Buckingham method, dimension-less parameters are 

obtained as follows: 

                                                                          (8) 

The above equation can be rewritten as follows: 

،                                                                                                      (9) 

 Where  is the density of riprap,  is the Froude number,  is the stability number, and  is the relative 

length of spur dike.   

MATERIALS AND METHODS 

 

 All of the experiments were conducted in a flume located at hydraulic laboratory of Islamic Azad 

University of Ahvaz. In the present study, a physical model was developed in order to investigate the effect of 

spur dike on the riprap stability in a river bend. Experiments were performed in a Plaxiglass flume with 180 

degree bend, central radius of R =2.8 m and width of B = 0.6 m. Relative curvature of bend (R/B) was equal to 
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4.67 which is classified as a moderate bend. The straight inlet channel 9.1 m in length is connected to a channel 

with a 180 degree bend. This curved channel is connected to the flow control gate and the outlet tank by another 

straight channel 5.5 m in length (Fig. 1). 

 
Fig. 1: Schematic view of flume and installation position of spur dike. 

 

 According to Melville and Chiew, channel constriction should be no more than 10% of channel width . 

Therefore, a flat spur dike with (L/B) equal to 0.10, 0.13, 0.16, and 0.20 at a 35 cm height and 1 cm thickness 

made of Plaxiglass was used and installed perpendicular to the outer wall of channel at 70   ͦ position. Particles 

used in the present study were natural rounded materials with 3 densities of 1.7, 2.1, and 2.42, and particles size 

of 4.76, 9.52, 12.7 and 19.1 mm.  

 In order to determine the area of riprap around spur dike, an experiment was performed to determine 

maximum dimensions of scour hole without using ripraps around the spur dike. This experiment was done for 

12 hours on a layer of sand with relative thickness of 15 cm and maximum flow rate of 27 L/s at 70 degree 

position of bend. Prior to running the experiment, end gate of flume was closed and in order to prevent general 

scour specially when the water depth is low, first the bed was saturated at downstream by a submersible pump 

and after rise of water level in flume, the main vale on the inlet line to stilling basin was gradually opened to 

reach the desired flow rate. By accurate and simultaneous adjustment of valve and downstream gate, flow depth 

of 10 cm and desired flow rate were obtained. After about half an hour, pump was turned off and water in the 

channel was gradually drained to not interfere with the bed topography. After complete drainage of water, bed 

topography was measured around abutment by a high resolution depth gauge device. After experiments, riprap 

area with a 55 cm length and 40 cm width was obtained around the spur dike.  

 With respect to the criteria presented by Melville et al. (2007), riprap layer thickness was chosen twice the 

relative diameter of riprap (Fig.2).  

 
Fig. 2: Plan view of spur dike. 

 

 According to Raudkivi and Ettema, in order to prevent ripple formation, average particle diameter should 

be higher than 0.7 mm. Also, to cancel the effect of sediment nonuniform scour, standard deviation of particles 

have to be lower than 1.3.  In view of these recommendations, a layer of natural river sand with average 

V-notch weir  
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diameter of 1.59 mm and standard deviation coefficient of 1.29 was chosen and applied in a layer with 

approximate thickness of 15 cm.  

 To perform the experiments, first the spur dike was installed at a 70 degree position in the beginning of 

bend at the outer wall of flume and the sediments at the bottom of flume were flatten using a levelling device 

and at each step of 32 experiments, particles with 3 densities, 4 diameters and a constant flow rate of 27 L/s 

were tested. Desired riprap with a thickness of 2d50 consistent with the bed material was placed around the spur 

dike. End gate of flume was closed, pump was switched on a by using the main valve, water was conducted 

through flume gently. After reaching the desired flow rate, flow depth was reduced by end gate of flume to 

prepare the flow conditions for movement of grains. By movement of the first grain, flow depth was recorded as 

the threshold of sediment motion. After some time, a group of grains initiated to move. At this time, flow depth 

was recorded as the threshold of riprap failure. By using the obtained depths for each particle and the flow rate 

we computed the flow velocity, Froude number, stability number and average diameter of particles at two 

moments of motion threshold and failure threshold. At the end of each experiment, the pump was switched off 

and the end gate was closed to drain water gently to not affect the bed topography (Fig.3).  

 

 
Fig. 3: Spur dike and it surrounding riprap before and after experiments. 

 

RESULTS AND DISCUSSION 

 

 In all of the experiments, after adjustment of flow rate, the flow depth was measured at the threshold of 

sediment motion and threshold of riprap failure. In all of the experiments, instability of ripraps around the spur 

dike initiated from downstream of nose. Average velocity of flow and Froude number at two states of motion 

threshold and failure threshold were calculated based on experimental flow rates and measured flow depths and 

also used densities and diameter of riprap particles.  

 

Effect of spur dike relative length on riprap stability at various densities: 

 Figure 4 shows the effect of spur dike relative length on riprap stability surrounding it at densities of 1.7, 

2.1, 2.42 and diameters of 4.76, 9.52, 12.7, and 19.1 at two states of motion threshold and failure threshold. 

Results indicate that spur dike length does affect the riprap stability and by increasing the spur dike length, a 

reduction will be observed in ripraps stability at two states of motion threshold and failure threshold. An 

increase in the spur dike length will lead to more constriction of channel width and formation of more powerful 

eddy currents around the spur dike and thereby movement of particles around it. 

 In order to estimate particle size around the spur dike in a 180 degree bend, Froude number, and relative 

diameter and particle densities were related based on the dimensional analysis.  

          (10) 

 Where  represents the particle diameter,  is the flow depth, is the density, and fr is Froude 

number. Then, values of a, b, and c in equation (10) were obtained using SPSS Software. 

 Based on the results of experimental data analysis, equations (10) and (11) were obtained for motion 

threshold and failure threshold at subcritical conditions, respectively. The correlation coefficients of R
2
= 0.80 

and R
2
 = 0.81 were calculated by SPSS for motion threshold and failure threshold, respectively.  

                                                                                        (11) 

                                                                                      (12)   

 Equations (11) and (12) were validated by plotting measured data versus calculated data for relative 

diameter of ripraps at motion and failure thresholds. Results of the plots indicated values of R
2
 = 0.7688 and R

2
 

= 0.8299 for motion threshold and failure threshold, respectively (Fig. 5). It could be said that besides 
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simplicity, these relations are highly correlated and based on Froude number of flow, relative diameter of riprap 

and its density.  

 

 

      

       

       
 

Fig. 4: Effect of spur dike relative length on riprap stability at motion threshold and failure threshold at various 

densities. 

 

 

Failure threshold  Motion threshold  
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Fig. 5: An analysis of relations for determination of proper riprap size around the spur dike. 

 

Conclusion: 

 In the present study a series of experiments were performed to determine the size of riprap particles and 

their stability around a spur dike in a 180 degree bend with 4 relative lengths and 4 various densities. Spur dike 

length, density and particle diameter were the influential variables of this study. The results are as follows: 

1) In all of the experiments, instability of particles initiated at downstream of spur dike and extended to the 

upstream by lowering the flow depth.  

2) For each particle size, increasing the relative length of spur dike led to a reduction in stability number at 

motion and failure thresholds.  

3) Average reduction of stability at various densities and length was 5-30%.  

4) Based on dimensional analysis, a series of relations were present for determination of particle size at two 

states of motion and failure thresholds. In addition to simplicity and having appropriate correlation coefficients, 

these relations involved all the influential factors on riprap stability, including Froude number of flow, the ratio 

of particle size to tail water depth and specific density of riprap particles.  
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