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Abstract 

This research focused on the water flow that passes over supports of a bridge such as piers and abutments, observing the effect 

about its behavior when facing these structures, gotten by the non-destructive technique called particle image velocimetry. A 

scale model was used that represented a bridge which was formed by a circular pier in the center and two wing wall abutments 

on the banks, then it was placed in a hydraulic channel over a top view, in order to have information on vector patterns of high 

velocity turbulent flow. With this, it was possible to determine the critical areas of turbulence for this particular model, due to 
obstruction of both structures for pier and abutment, thence be able to propose changes in their geometry, alleviating these areas 

and thereby also reducing the probability of theorical bottom scour.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

It is important to consider the water flow behavior over supports such as  piers and abutments, especially when they are close 

[14], in small bridges where there is usually no hydraulic design, monitoring, or maintenance, only carrying out protection works 
such as levees or slope covering, with the idea that the water does not usually reach the abutments, giving priority to the piers 

[4]. The scour is the result of the erosive action of the water flow that hits the bottom of a river channel, [14], in general terms, 

occurs due to the flow when obstructed by an structure, it is divided, going downwards, and subsequently surrounding its 

geometry, causing vortices because of the turbulent flow, hence the river bed level decreases [11]. Scour in bridge abutments is a 

cause of failure [8], making it a reason for study for decades ago [13], being the area with the highest risk of damage, that's why 

to pay particular attention as much as possible at this point [10]. There are three scour conditions for abutments [5]: Just below 

the river bed, on the banks by the soil slope, and the combination of both. It is shown in Figure 1, a series of bridge supports 

during rain falls exposed to scour. 

 
Fig. 1: Bridge supports exposed to scour. 
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The non-destructive  two dimension, full-field optical technique, called Particle Image Velocimetry (PIV), has been utilized as 

a very useful tool in models, it has attempted to provide a better behavior understanding of scour phenomenon, since early 

1980’s [6]. It is based on the study of velocity through mathematical expression, V = d / t, where d is the distance travelled by a 

particle at a given time t. that’s way V is the velocity acquired by the particles when taking the trajectories of the flow. The 

displacement is obtained using a Gaussian function at the peak of the correlation, and finding the exact maximum location [9], 

PIV gives information about turbulent flow, generated at the bottom of an hydraulic channel, due to the obstruction of bridge 

structure supports, either piers and / or abutments, by taking high-resolution images [7], where  hydrodynamic flow behavior, 

velocity patterns, flow linearity, vortex contour and shear stress  can be obtained [1;2]. It is shown in Figure 2, hydraulic channel 

lighted by laser, with pier inside, PIV equipment and bridge model. 

 
Fig. 2: Hydraulic channel, PIV equipment and bridge model. 

II. METHODS 

In an hydraulic transparent plastic channel with 1.5HP electric pump, 0.50 m long, 0.15 m deep and 0.15 m width, a series of 

water flow videos were captured in the laboratory utilizing a Charge Coupled Device (CCD) camera previously calibrated, in 

order to characterize the top view movement when obstructed by a 0.02 m circular pier thickness and a 0.05 m long, 0.01 m 

width wing wall abutment, then shape geometry was decided to change attempting to improve them, reducing turbulent water 

flow. Reflective 9-13µm particles inside water were taken for illumination by a 532 nanometer green laser [12]. Afterwards, each 
video was recorded  taking 40 images of 24 x 24 pixels at 700 microseconds, the final result was the average of the 40 of them, at 

last videos were loaded and processed utilizing a visualization software LaVision Davis8 for data and post proscessing software 

Tecplot 360 for data imaging, in order to extract information. Water  0.15 m flow level, was applied with a velocity of 0.117 m/s, 

equivalent to a flow rate of 1.5835 l/s, with a Reynolds number (Re) = 4374.37,  (500≤Re≤2000)  Re = pvR/u, where: p = water 

density; v = water velocity; R = hydraulic radius and u = water dynamic viscosity.  It is shown in Figure 3, a circular pier and 

wing wall abutment light scour indicated by red arrows.  

 
Fig. 3: Light scour at bridge supports. 

III. RESULTS 

Top view images were obtained for both cases, the circular pier model and the wing wall abutment model as are shown, as well 

as the changes made in their geometries in order to improve them and decrease the level of turbulence in the water flow due to its 

obstruction for each one. 
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For the circular pier model, it could be watched in Figure 4, how the turbulent flow closed up to 80mm straight distance, in the 

other hand in Figure 5, a kind of blade was added to the rear, which acts as a vorticity breaker, appreciating how the turbulent 

flow goes beyond up to100 mm straight distance, therefore scour foundation damage could be diminished. 

 
           Fig 4: Circular pier turbulent water flow distance.               Fig. 5: Rear blade circular pier turbulent water flow distance. 

 

For the abutment model in Figure 6, it was appreciated how the wing wall that receives the initial hit of the flow is the most 

critical area, thence the most affected, where the water damage is high, evidencing one of the scour conditions in the banks, due 

to this, it can be seen in Figure 7, a close up of levee construction in the real field from Figure 3, that serves as a protection work, 

where velocity of the water is reduced and therefore decrease its turbulence. 

On the other hand, a proposal was made in the geometry change of the abutment that could be watched in Figure 8, where its 

opening angle is reduced, therefore an attempt is made to soften the hit of the water flow, reducing its vorticity and thereby it 
was gotten an approximately 30% less, according to the indicator contour color table, from green color to blue color, next to 

wing wall area. It is shown in Figure 9, photo of  abutment geometry change proposal. 

   
        Fig 6: Wing wall abutment critical area.                                    Fig. 7: Levee for scour abutment protection. 

 

   
    Fig. 8: Abutment modification to reduce turbulence.                    Fig. 9: Abutment geometry change proposal. 
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IV. CONCLUSIONS 

The PIV optical technique, was useful to advance this job in a laboratory controlled situation. By means of LaVision DaVis8 

video software processing and post-processing Tecplot 360 software, it was possible to accomplish images from top view of the 

study and watch the water flow displacement, observing the way about how this, could in theory rises the soil and scouring the 

bottom in a river or scale water open channel equipment, due to obstruction like a circular pier or wing wall abutment. Hence 

from critical turbulent areas, also it was able to propose model geometry modifications, being successful in reducing them. 

Understanding the behavior of the turbulent flow, causing the scour, it will allow us to estimate the dynamics in the drag forces 
of sediments before the obstruction structures, which will allow us to generate modifications that counteract the turbulent flow. 
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