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Abstract — This paper presents a review work  of local scour mechanism around pier scour holes at clear water 

equilibrium conditions. Many researchers have carried out various studies to determine the velocity profiles around the 

scour holes. The contours and spatial distributions of the time-averaged (mean) velocities, turbulence intensities, 

turbulent kinetic energy and Reynolds stresses at different azimuthal planes were determined. Velocity vector plots of the 

flow field at azimuthal planes are used to explain further flow features. The vorticity and circulation of the horseshoe 

vortex are determined by using finite difference technique of computational hydrodynamics and Stokes theorem, 

respectively. Bed-shear stresses are also estimated from the Reynolds stress distributions. The flow and turbulence 

characteristics of the horseshoe vortex are discussed from the standpoint of similarity with velocity and turbulence 

intensity characteristic scales. These detailed measurements are obtained with a non -intrusive instrument, the acoustic 

Doppler velocimeter (ADV), which measures three-dimensional instantaneous velocities. This instrument is very 

practical for the measurements related to scour. This instrument can also be used as a tool during the investigation for 

enhancement of sediment transport as an alternative to dredging mechanism in future which is to be explored. It is 

therefore felt that more studies are still necessary to enhancement of sediment transport effectively for dredging purpose 

and also to measure the turbulence using ADV.  
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I. INTRODUCTION 

Numerous studies have been carried out with the purpose of predicting scour and various equations have been 

developed by various researchers [1-7]. Selection of an appropriate design method to estimate equilibrium depths of local 

scour at bridge piers has perplexed  des igners for many  years. There was a wide variety o f formulas available, and no 

obvious similarity in either their appearance or their pred ictions. The apparent conflicts arising from earlier studies, some  

of which showed live-bed scour exceeding clear-water scour and others of which  showed the reverse [8].  An attempt 

was made [9-10] to verify the entire characteristic (especially turbulent characteristic) of pre-jump and post-jump region 

of a hydraulic jump, and a theoretical model is developed based on the K-ε Model in the finite difference form.  

An experimental investigation was presented [11] on clear water equilibrium scour around an equilateral 

triangular p ier. The experiment is conducted for the approaching flow having undisturbed flow depth  greater than the 

pier width and the depth-averaged approaching flow velocity about 68% of the critical velocity of the uniform bed sand 

of median d iameter of 0.825m. The outcome of seven experimental studies was presented [12] on local clear-water scour. 

First an experiment was carried out with a circular p ier of 5 cm diameter to see the nature of the equilibrium scour hole 

around the pier. The results obtained has leaded us to choose a pier of diameter 7 cm to run the following experiments 

where the piers were placed eccentrically with a distance three times the pier width (= 21cm) between them without the 

intervention of the “wall effects”. The eccentric pier was placed at varying longitudinal distance (from 25%, 37.5%, 

50%, 62.5%, and 75% of the equilibrium scour depth of a single p ier) to observe the nature of scour. All the experiments 

were carried out at an average in flow depth of 0.125m and a discharge of 0.025 m
3
/sec, over a sand bed of 0.825 mm 

mean part icle diameter. 

A series of clear water scour experiments were conducted [1,3] in a t ilt ing flume with a circular pier under 

different conditions of densimetric Froude number and inflow depths. Tests used a single pier of 50 mm diameter 

embedded in  a sand bed of mean  particle size d50 = 0.365 mm. It was observed that the entire scour geometry  (scour 

depth, length, width, area and volume) depended on the densimetric Froude number and inflow depth. On the basis of the 

obtained results, empirical equations were proposed for scour depth, scour length, scour width, s cour area and scour 

volume. Scour hole parameters calculated from the proposed equations have been compared with those obtained from 

experimental results and were found to be very close to each other. 

Two numbers of p iers of square and triangular shape of same width were used [13-15] to carry out experiments. 

The piers were located eccentrically along the middle portion of the t ilt ing flume. The eccentricity is kept constant for all  

the experiments while the in-line distance (longitudinal spacing) along the flow direction between them was increased 

gradually by 25%, 37.5%, 50%, 62.5% and 75% to enhance the scour. All the experiments were conducted at same 

inflow depth, same discharge, same pier width, same Froude number. The only difference was the longitudinal spacing 

between the piers. 
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A wide range of longitudinal velocity profile data was measured [16] for validating the Nortek acoustic Doppler 

current profiler (ADCP) compared with observed data collected from secondary source by using Aquadopp current 

profiler. The results of an experimental investigation on relative energy d issipation were conducted at chutes of different 

slopes with different contractions [10,17]. So the effects of contraction and bottom slope on relat ive energy dissipation 

were investigated. Experiments were carried out in  channels, where chute slope was varied between 1V:10H to 1V:6H 

and chute contraction varying between 0° to 6°. It was found that the energy dissipation increases with increasing slope 

and decreases with increasing contraction and ratio between the critical water depth at section zero and the chute height.  

A number of methods and devices were used to accurately measure volumetric flow rate in its open channel 

networks, most of which measure flow indirectly either by measuring velocity and area, or head (flow depth or pressure), 

and mathematical relationships are then applied to translate the measurement to the volumetric flow rate or discharge. 

Besides tracers methods were also used [18-19]. Many experiments were carried  out in a re-circulating t ilt ing flume with 

constant bed slope at an average inflow depth of 0.125 m and a discharge of 25 lps, over a sand bed of 0.825 mm mean 

particle d iameter [8, 20-22]. Three circular piers and three square piers of same width were considered where two piers 

are arranged in-line along the flow direction and the other one is placed eccentrically in between them. The eccentric pier 

was placed at an increasing longitudinal distance of 2L/8, 3L/8, 4L/8, 5L/8, and 6L/8 respectively, where L is the 

maximum length of sediment transportation for a single circular pier under equilibrium scour condition.  

Scouring is a natural phenomenon caused by the flow of water in river and stream. It is the consequence of the 

erosive action of flowing water, which removes and erodes material from the bed and  banks of stream and also from the 

vicinity  of b ridge p iers and abutments. Scouring occurs naturally  as part of the morphologic changes of rivers and as the 

result of man-made structures. Scour can  either be caused by the normal flow and flood flow. Normal flow cannot make 

a big scour, but during a peak flow in which the flow velocity is higher the normal flow and make a big scour hole. Scour 

can occur under any flow condition. Due to scour, materials are washed away from the p ier or abutment from the natural 

level of the bed. The scour that occurs near a pier, abutment, erosion control device, or other structure obstructing the 

flow is called  local scour. These obstructions cause flow acceleration and create  vortices that remove the surrounding 

sediments. Generally, depths of local scour are much larger than general o r contraction scour depths, often by a factor of 

ten. Local scour can affect the stability of structures such as riprap revetments and lead to failures.  

The depth of the scour is direct ly dependant on the width of obstruction. Thus, the wider the obstruction, the 

deeper is the scour. Though not addressed by most empirical relations, the ratio of obstruction width to channel width is 

probably a better measure of scour potential than is the obstruction width alone. Projected length of an obstruction into 

the stream affects the depth of scour. With an increase in the projected length of an abutment into the flow, there is an 

increase in scour. 

However, there is a limit on the increase in scour depth with an increase in length. This limit is reached when 

the ratio of projected length into the stream to the depth of the approaching flow is about 25. The stream wise length of a 

structure has no appreciable effect on scour depth for straight sections; however, when the structure is at an angle to the 

flow, the length has a very large effect. At the same angle of attack, doubling the length of a structure increases scour 

depth by as much as 33%. Some equations take the length factor into account by using the ratio of structure length to 

depth of flow or structure width and the angle of attack of the flow to the structure. Others use the projected area of the 

structure to the flow in their equations. 

  

II. LOCAL SCOUR MECHANIS M 

 

The boundary layer flow past a cylindrical pier undergoes a three-dimensional separation. This separated shear layer rolls 

up along the obstruction to form a vortex system in front of the element which is swept downstream by the river flow.  

Viewed from the top, this vortex system has the characteristic shape of a horseshoe and thus called a horseshoe vortex 

Figs (1-2). The format ion of the horseshoe vortex and the associated down flow around the cylindrical pier results in 

increased shear stress and hence a local increase in sediment transport capacity of the flow. This leads to the development 

of a deep whole (scour hole) around the cylindrical pier, which in turn, changes the flow pattern causing a reduction in 

shear stress by the flow thus  reducing its sediment transport capacity. The temporal variation o f scour and the maximum 

depth of scour at bridge elements therefore mainly  depend on the characteristics of flow, p ier and river-bed material. The 

formation of the horseshoe vortex and the associated down flow cause scour at cylindrical pier, abutment and spur dike.  

The mechanism of scour around bridge piers has been studied [23-29] whereas studies on the mechanism of 

sediment transport and scour at the reservoirs, rivers , pipes are addressed in [30-36]. Many studies were conducted on 

erosive process, both in clear water and live bed conditions. 
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Fig. 1  Flow structure at cylindrical pier (a) side view (b) top view 

 

 

 

 
Fig. 2 Flow structure at cylindrical p ier 

 

III. HORS ES HOE VORTEX AND DOWNFLOW 

The flow deflected by sediment embedded bridge piers causes scour at its foundations. Scour may endanger the 

stability of the complete b ridge structure. In bridge hydraulics circu lar-shaped pier foundations are commonly used. Due 

to the similar flow structures of airflow around circular bodies in wind tunnels, the basic researches concern flow 

visualizat ion in aerodynamics. The main flow features involve a vert ically deflected flow along the cylinder front, a 

horseshoe vortex system upstream of the  cylinder, a  flow separation beside the cylinder and  a wake zone downstream of 

it shown in Fig. 1. The pressure distribution beneath the horseshoe vortex system was measured and the horseshoe vortex 

position was determined experimentally. For all flow conditions a horseshoe vortex system consisting of at least two 

vortices. Horseshoe vortex in front of the p ier to be the prime agent causing scour and it is assuming a layer -by-layer 

scouring process. Near the upstream face of the p ier there is an existence of downflow, which joins the separated flow to 

form the horseshoe vortex stretched around the pier.  

 

IV. WAKE VORTEX 

Wake vortices form at the downstream side of piers and are the result of flow separation at the sides of the pier 

Fig. 1. One vortex develops on one side, sheds away, and is convected downstream. Immediately, other forms on the 

other side, finally shedding also. The wake vortices dissipate as they move downstream. The frequency of vortex 

shedding is direct ly proportional to the approach velocity and inversely proportional to the p ier diameter. Informat ion on 

r 
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wake vortex scour at bridge p iers is particu larly scanty. As wake vortex scour occurs at the downstream of the pier, it has 

litt le or no destructive potential. Because the horseshoe vortex scour occurs at the face of the pier and threatens to 

undermine the pier, this type of scour has been given considerable theoretical thought and is well -documented with 

model studies by previous researchers. Knowledge about wake vortex scour due to bridge piers has come mainly from a 

few laboratory tests. To describe the scouring action, Melville wrote “each of the concentrated vortices acts with its low 

pressure center as a vacuum cleaner, p icking up material from the bed, which is then transported downstream”.  

There is concern that the holes may enlarge or move upstream endangering the piers and the bridges. We have 

made observations in the vicinity of the scour holes and have come to the conclusion that, in each case, the scour was 

caused by two streams of wake vortices from adjacent piers intersecting downstream. The vortices that result from the 

two conflicting velocity fields create local scour. At one bridge, the scour is enhanced by the vortices that occur at the 

confluence of the main channel and its side channel. This is known as confluence scour. 

 

V. METHODOLOGY 

The flow depth in the flume is adjusted by a tailgate. The approaching flow depth is maintained at  desired depth 

by operating the tailgate. The bed slope is kept constant for all the experiments. The critical condition of the bed is 

checked before test run. The depth-averaged approaching flow velocity is estimated using Manning’s equation. From the 

sieve analysis test, median d iameter of sand is determined. Considering  steady uniform flow in  a rectangular channel the 

expression for bed shear stress ( 0 ) can be derived as 0 f sinR   . Here the resistance between water-air interfaces is 

usually very s mall when the water surface is s mooth and can be conveniently neglected. It is considered that 

sin tan S   as the bed slope is small. The critical bed shear stress ( 0c ) is determined by using the expression for 

critical Sh ields parameter, c   0c gd   . From van Rijn’s [37] empirical equations of the Shields curve the value 

of crit ical Shields parameter was calculated where part icle parameter, *D  ( 23d g   ). Then critical shear velocity 

( *cu ) is calculated using *c 0u   .  Therefore cu can be calculated from  c *c 505.75log 2 6u u h d 

 where *cu , h , 50d are already known. Finally the crit ical discharge is calculated using the continuity equation. Critical 

shear flow Reynolds number *cR    *cu R   is determined at 20
0
C temperature of water. 

The depth-averaged approaching flow velocity (U) is set as about 68-99% of the crit ical velocity ( cu ) o f the 

uniform sand bed considering side-wall effect to satisfy the clear water condition [25-27]. The depth averaged 

approaching flow velocity is determined from the measured vertical profile of the approaching flow velocity at 2 m 

upstream of the pier where the presence of the p ier did  not affect  the approaching flow. A lso to satisfy clear water scour 

condition, average bed shear stress must be less than or equal to crit ical bed shear stress.   

When negligible (1 mm or less) difference of scour depth was observed at an interval of 2 hours after 80 hours, 

it is considered that an equilib rium stage of the scour hole is attained. However, total duration of each experiment is 72-

155 hours that is adequate for achieving the equilib rium scour [25-27] for single p ier. After the run is stopped, the 

maximum equilibrium scour depths are observed at the upstream base of the piers. Then the maximum scour depth at an 

equilibrium state is carefully measured by a Vernier point gauge. The contour lines of the scour holes at the equilateral 

triangular p iers are plotted by Surfer software.  

 

VI. EXPERIMENTAL TECHNIQUE 

The experiments are carried out in a recirculat ing flume (Fig. 3), is filled with sand to a uniform thickness. The 

sand bed is located at the upstream from the flume inlet. The recircu lating flow system is served by a centrifugal pump 

which is located at the upstream end of the tilting flume. The water d ischarge is measured by a flow meter connected to 

the upstream pipe at the inlet of the flume. Water flows through a pipe line which runs directly into the flume. The flow 

depth in the flume was adjusted by operating a tailgate. The depth averaged approaching flow velocity is found out from 

the measured vertical profile of the approaching flow velocity at minimum 2 m upstream of the pier where the presence 

of the pier d id not affect the approaching flow. Froude number, flow Reynolds number and pier Reynolds number for all 

the experiments are calcu lated.  

The pier is first installed in  the flume at the desired location. Before each test, care is taken to level the sand bed 

throughout the entire length of the flume and perpendicular in  the around a pier structure. First of all we have to produce 

a sand bed having a smooth, uniform surface, so we used a spirit level to check the uniformity of the bed surface. Uneven 

bed surface are leveled using a hand trowel. After that we have to measure the bed level by po int gau ge randomly and to 

check the leveling of the flume. The sand bed preparation is very key as for as the experiment is concerned. Unevenness 

or defect in  the channel bed can cause the damage the experiment. Piers are constructed in eccentrically with d iffere nt 

condition with the help of single p ier total scour length. 
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Fig. 3 Working section of a flume  

 

During the experiment it is kept in mind that the width of the experimental flume is more than seven times of the 

pier width to avoid the wall friction factor. The minimum value of the ratio between flume width and pier width is 6.25 

that could be used without a measurable effect from the side walls on the local scour at the pier.  To start the test, the 

flume is slowly filled with water to the required depth from downstream. It should be noted that extra care is required 

when filling the flume with water, especially fo r test of this nature where no sediment movement is allowed. Any 

deformity in the bed surface may  develop of ripples or dunes and general movement of the sand if the shear stress on the 

smooth bed is close to the critical shear stress. The pump is then turned on and desired flow rate has been achieved by 

controlling the control valve and a bypass valve. Concurrent with getting the pump up to speed , the tailgate is adjusted so 

as to maintain the correct depth of flow in the flume. Throughout the test period, the location and magnitude of the point 

of maximum scour depth are around the upstream of the pier. The frequency of the scour depth varied throughout the test 

period. Rate of scouring is maximum in the period of 1
st

 to 12
th

 hour and then less frequently thereafter. Here we have 

used the fiber transferring pier model. The run duration for all the experiments is in between 72 to 155 hours. After t hat 

the pump is stopped to allow the flume to slowly drain without disturbing the scour topography. The flume bed is then 

allowed to dry, during which time photo of the scour topography around the pier are taken.  

After the run is ended, the maximum equilibrium scour depths are observed at the upstream base of the piers. 

Then the maximum scour depth at an equilibrium state is carefully measured by a Vern ier point gauge which is attached 

with  a movable tro lley. The contour lines of the scour holes at the t riangular p iers are plotted by Golden software Surfer 

8 version. 

 

VI. CONCLUDING REMARKS  

On the sand bed piers are placed. The change in equilibrium scour geometry that is the scour length, scour 

depth, scour depth, scour area and scour volume were studied under fixed flow conditions and same bed material by 

varying the longitudinal spacing between the piers. Relations have been found between the maximum equilib rium scour 

depth, length, and width with respect to the longitudinal spacing. The variations of plan ner surface area and the volume 

of the equilibrium scour holes were also observed relative to the change of longitudinal spacing. From these observations 

it can be predicted that how by using the energy of a flow and by arranging multip le piers the bed mat erial can be 

transported by using a pier like obstruction. And in future this technique may be further evolved to provide a very cost 

effective method of sediment removal or siltation in a stream channel. 
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