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Abstract. Water flow usually applies a dynamic force to obstacles that exist in their way. This force is calculated 

empirically based on drag coefficients stated in design codes and specifications. Different values of drag coefficients 

have been reported in literature. For example, AASHTO LRFD Bridge Design Specifications uses a drag coefficient 

of 1.4 and 0.7 for square-ended and semicircular-nosed pier, respectively, while Coastal Construction Manual 

(FEMA P-55) recommends a value of 2 and 1.2 for square and round piles, respectively. In addition, many 

researchers have obtained other different values of drag coefficient under similar conditions (i.e. similar range of 

Reynolds number) reaching to 2.6 for square object. The present study investigates the drag coefficient of flow 

around square, 90o wedged-nosed and circular piers numerically using finite element method. Results showed that 

AASHTO values for drag force coefficient varied between very conservative to be under-reckoning. The study 

recommends that AASHTO drag coefficient values should be revised for different circumstances and under more 

severe conditions. 

 

 

1 INTRODUCTION 

The intensive use of vehicles in daily life and the race to reach destination in a short time and in the most 

economical way had resulted in laying roads in an unprecedented rate especially in the developing countries. 

Following this race to laying roads, bridges are being built over valleys and water paths. Bridge piers in these water 

paths can reach depths of 10's of meters. Designing these piers includes different parameters for various forces and 

stresses calculations.  

These piers are susceptible to drag force resulting from water movement. Design codes have specific provisions 

on how to calculate the effect of this force on specific bridge pier shape depending on a constant drag coefficient 

(CD). However, this drag coefficient of any object is known to be function of fluid density and viscosity, flow speed 

and direction, and object position, shape, and size. Fluid velocity, fluid kinematic viscosity and object size are 

incorporated into a dimensionless quantity called the Reynolds number. Therefore, drag coefficient is highly 

dependent on Reynolds number. Different values of drag coefficient can be found in literature for the same problem 

leaving designers in a dilemma on which drag factor is appropriate. For example, AASHTO LRFD Bridge Design 

Specifications [1] states a drag coefficient of 1.4 and 0.7 for square-ended and semicircular-nosed pier, respectively, 
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while Coastal Construction Manual (FEMA P-55) [2] recommends a value of 2 and 1.2 for square and round piles, 

respectively.  

In this study the drag force coefficient for various pier shapes is estimated numerically using computational fluid 

dynamics within the finite element software ABAQUS/CFD. The values obtained cover conditions from still water 

to fast river flow with different inclination angle. Then, the drag coefficient values were compared to AASHTO 

design code and available literature values. 

 

2 METHODOLOGY 

This study concentrates on water flowing under natural conditions simulating river streams and lakes. 

Therefore, bridge pier shapes were simulated over wide range of flow velocity covering conditions of nearly still 

water to flow velocity experienced in flash floods. To achieve this goal, the finite element software ABAQUS/CFD 

was used with its computational fluid dynamics solving capabilities.  

The drag force is calculated in the software by integrating the pressure profile over the area. It can be 

calculated in the flow direction as well as the direction perpendicular to the flow. Generally, the drag coefficients 

can be calculated through the following relationships: 
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where Cd is drag coefficient in longitudinal direction, Fx is drag force parallel to the flow direction, V is flow design 

velocity, Ad is the area of the edge perpendicular to longitudinal axis of pier. Reynolds number (Re) is obtained 

through the relation: 
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where L is a characteristic length of the object, which will be the pier width in this case. ρ is the water density, v is 

the flow velocity, and μ is the dynamic viscosity of water. 

3 RESULTS AND DISCUSSION 

 Drag coefficient is obtained for square pier at velocities of 0.001, 0.01, 0.1, 1, 3, and 5 m/s, representing flow 

velocities of almost still water to fast river flow. Figure 1 show the pressure contours at the typical velocities of 1 

m/s, where flow is perpendicular to pier surface. Pressure contour at velocity 1 m/s shows the formation of vortices 

behind the pier, which is why pressure contour is not symmetric. They usually form in turbulent flow behind the 

piers. Vortex initiation results from the interaction of two streams that were separated from the original stream due 

to the obstacle (pier), after solving Navier-Stokes equations.  

 



 

 

The change in drag coefficient with Reynolds number is plotted in Fig.2. The current results are seen to be 

considerably less than most of the results obtained by other researchers (Wenxiu et al. [2013], He et al. [2014], 

Yamagishi et al. [2009], Dutta et al. [2008], and Sohankar et al. [1999]) under similar circumstances (i.e. similar 

Reynolds number range, for water flow). Results in literature obtained for gas flow or at lower Reynolds number are 

believed not to be suitable for comparisons purposes here, and hence are not included. Current study results of drag 

coefficient are noticed to coincide with AASHTO results of 1.4 at Reynolds numbers ranging from 10
4
 to 10

6
, and 

deviate out of this range of Reynolds numbers. The drag coefficient is found to be about 1.8 at Reynolds number of 

1000, which is at a flow velocity of 0.001m/s. This can be neglected for pier design purposes since it represents still 

water, and will not cause any significant force on the pier. However, when Reynolds number is higher than 10
6
, the 

drag coefficient is seen to be higher than the AASHTO value, and could reach to 1.6 for a flow velocity of 5 m/s, 

which can occur in some rivers or flash floods. Therefore, the AASHTO value might not be safe for this higher 

range of flow velocities. 

 Drag coefficient of wedged-nosed pier is also studied here, and illustrated in Fig. 3 for different tail lengths at a 

flow velocity of 1 m/s. The figure shows that the drag coefficient reduces with increasing pier tail length, 

approaching a value of 0.7 for a considerably long pier compared to its width. The AASHTO value is 0.8 in this 

case. However, the drag coefficient rises to about 1.3 for a fully wedged pier at this water velocity.  

 The change in drag coefficient with Reynolds number is plotted in Fig. 4 for circular pier. The current results 

are seen to be equal to or less than most of the results documented by other researchers (Hughes and Brighton 

[1999], Wang et al. [2001], Hinsberg et al. [2014], Tsutsui [2008], and Sato and Kobayashi [2012]) for Reynolds 

number ranging from 103 to 107, which covers the typical values of water flow pressuring circular bridge piers. It 

reaches a value of 0.45 at high Reynolds number, which is less than the semicircular nosed pier value of about 0.7. 

Hence, using the AASHTO semicircular nosed pier drag coefficient for fully circular piers will be very conservative. 

However, the current results of drag coefficient rises quickly for Reynolds number below 103 and diverge from 

other researchers values, but this range of Reynolds number is beyond the interest of this research. It is worth noting 

that experimental results on flow around circular cylindrical shapes usually show a dramatic drop in the drag 

coefficient between Reynolds number of 10
5
 and 10

6
 as a result of the change in the location of the separation point 

and reduction in the wake and negative pressure behind the pier. This phenomenon was translated into switching the 

flow regime from subcritical flow to supercritical flow, and was not captured in this study. 

4 CONCLUSIONS 

 The present paper studies numerically the drag force and coefficient values of water flow for different pier 

shapes, and compares the results with AASHTO Bridge Design Code values as well as with values obtained by other 

researchers. The following conclusions can be drawn: 

1. The AASHTO longitudinal drag coefficient value of 1.4 for square piers might not be safe for high Reynolds 

numbers, which represent high river flow velocities.  

2. The drag coefficient for wedged-nosed pier suggested in AASHTO agrees well with the numerically obtained 

one, only for a pier long enough compared to its width. For wedged-nosed piers with tail length to width ratio less 

than 3, a value higher than that in the AASHTO should be used. 

3. The effect of one pier on another should be studied and included in the design codes as it could lead to higher 

forces on the piers that are not accounted for by the current design methodologies. It could lead to piers failure due 

to the underestimation of these forces. 
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FIG. 1: Pressure contours at velocity of 1m/s for square pier 

 

 
FIG. 2: Longitudinal drag coefficient at different Reynolds numbers for square pier. 

 

 



 

 

 
FIG. 3: Longitudinal drag coefficient for wedged-nosed pier. 

 
FIG. 4: Drag coefficient versus Reynolds number for circular pier. 

 

 


