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Abstract  In the present study, a laboratory work has been done to measure the local scour at equilibrium state which is 

formed around single oblong pier fixed at the center of the section located each 30° of 180°-bend. The results show that the 

maximum depth of scour and the maximum extents (i.e., length and width) of scour hole and maximum Modification factor 

due to bend for local scour occurs when pier located at sector 90° of the bend. With increasing angle of attack for the pier in 

this sector the depth of scour increase linearly and the width of scour hole increased accordingly. However, an appreciable 

effect is also recorded with the direction of the angle of attack relative to the inner and outer bank, where the scour depth was 

larger with the pier skew towards the inner bank than that recorded when it skewed towards the outer bank. 
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1. Introduction 

Flow pattern and the mechanism of scouring around a 

bridge pier have been reported by various investigators most 

of them focusing on pier inserted within straight reach (e.g. 

[2], [4], [8], [11]). However, little might interest to 

investigate this phenomenon when bridge pier is located 

within bend reach. The studies related to this context, at hand, 

are those conducted by; [5], [6], [7] and [13]. The sediment 

movement within a bend and meander reaches has been 

extensively studied by researchers (e.g. [9], [10] and [12]). 

The presence of the spiral flow and lateral sediment transport 

across the channel bend certainly has a direct effect on the 

local scour which is formed around the pier, and this effect 

will most likely increase with non-circular shape of the pier 

(e.g., oblong pier). This paper presents the experimental 

results of scour which is formed around one size model (3cm 

in width and 9cm in length) oblong shape pier inserted at 

centre of different sections of 180 degree channel bend at 

both zero and in skew angle of attack. The results are 

compared with those occurring when the pier immersed in 

straight reach channel. 

2. The Experimental Setup and 
Procedure 

Experiments were conducted in the Hydraulic laboratory  
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of Building and Construction Engineering, UOT, Baghdad, 

Iraq by using the sediment races flume having a rectangular 

in cross section measuring 60cm width by 20cm deep. The 

flume comprised three sections; the 1.5m in length approach 

(straight reach) section, 180°-bend working section, and a 

2m straight section downstream the bend connected at its end 

by 40cm*60cm trap basin with adjustable tailgate used to 

control the flow depths. The bend section has the inner and 

the outer radius of 37.5cm and 97.5cm respectively with arch 

length 3.06m. Figure 1 illustrates a plane sketch. A layer of 

uniform sand with 8.5 cm thickness and median diameter d50 

= 0.327mm, and standard deviation σg =1.3 was placed on 

the bed to cover the total length of channel. The sand bed 

surface was levelled by a scraper. A point gauge was used to 

measure the water surface level and the topography of the 

channel bed after completion of run and complete 

dewatering. 

[8] was defined B/L (B= width of pier and L= length of 

pier) should not be more than 1/3 so oblong model pier of 3 

cm in width and 9 cm in length extends above water surface 

in height are used to simulate the pier model. This model 

installed at centre of flume at a desired location within bend 

reach (working section). The parameter θp= 0, 30, 60, 90, 

120, 150 and 180 degree have been chosen to represents the 

sectors within the bend at which the centre of pier model 

have been installed for a desired run undertaken. The skew of 

pier was also tested to investigate the effect of different angle 

of attack along with the direction of skew (relative to bank) 

on the amount and extends of the local scour around the pier 

model. The skew effect was tested just when pier located at 

θp=90°. Figure 2 illustrates the orientation of pier when it 

skewed in test relative to outer and inner banks. In all 

experiments the same discharge equal to 218.559 l/min and 
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the flow depth at the approach section 2.8 cm have been 

employed. This flow condition has adopted after conducting 

a wide range of trials for both the discharge and the depth of 

flow in order to get the flow intensity by which the clear 

water flow condition at the approach section is achieved.  

However, the sediment transporting feature occurs according 

to the morphological aspects along the bend reach. Many 

trials were also conducted to decide the suitable time at 

which the equilibrium of scouring process is achieved. From 

the trial process the flow intensity and the equilibrium time 

to achieve the desired requirements are V/Vc = 0.998 and 

Tequ.=4 hrs. respectively, where V is the flow velocity at the 

approach section equal to 0.21682m/s (Q= 218.559 l/min) 

and Vc is the velocity at threshold of bed sediment motion 

(critical flow velocity) at approach section equal to 

0.21717m/s (it calculated according to the equation which 

recommended by [8]). 

 

 

 

Figure 1.  Plane sketch of flume sections with necessary dimensions [1] 

 

 

Figure 2.  Pier skew towards; (a) outer bank (b) inner bank (c) schematic symbolic of scour feature around pier 
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3. Result Analysis and Discussion 

At the end of each run the measurements have been taken 

both longitudinally and transversely for bed form around 

pier model. The recorded data represent the depth of the 

scour and deposition relative to a plain bed of sand races 

before run. The modification factor due to bend (Kbend), is 

the main aim of this research. This factor is calculated by 

dividing the scour depth which is formed at nose of pier (ds) 

when it located at θp to the scour when the same pier model 

is located at the straight reach. All runs and measured 

parameters based on the terminology shown in Figure 2 are 

listed in Table 1. 

Figures 3 to 10 shows the longitudinal profiles of bed 

level along bend reach when pier located at a specified 

sector. In Figures 6 and 7 the longitudinal profiles for the 

three different angle of attack of pier at θp=90° are drawn to 

illustrate the variation in bed level due to influence the 

angle of attack with the outer bank and the inner bank. The 

transverse bed levels across the centre of pier when it 

installed at different position in bend are shown in Figure 

11 while Figures 12 and 13 illustrate the variation of bed 

level transversely with three different angle of attack at 

θp=90°. The results listed in Table 1 shows that the 

maximum local scour at nose of pier ds was 46mm which is 

recorded when pier located at θp=90° and aligned with flow 

(i.e., α=0), whereas the second stage is when pier located at 

θp=120° where the ds=42mm. The minimum scour however, 

was ds=23.5mm was recorded at nose of pier when it 

installed with alignment of flow at θp=30°, at this location 

it can also note through Figure 4 that the scouring and 

deposition process along the centreline of bend relative to 

the plain bed was least as compared with those resulted 

when pier installed at the other locations. In the same 

context the highest local scour was at nose of pier when it 

located at θp=90o, the movement of sediment along the 

centreline of bend was not necessarily the largest among the 

other location (see Figures 3 to 10). At the sides of pier 

Table 1 shows that the maximum local scour which occur at 

the outer side was when pier located at θp=120°, while the 

maximum value at inner side was recorded with θp=90°, 

and with both cases the pier was aligned with flow.  

With skew action the maximum scour at outer side was 

recorded with αi=45° and at inner side with αo=45°. Also, 

when pier skewed toward the inner bank the scour at the 

outer side was greater compared with the results of inner 

side of pier. This case has become an inverse with skew 

toward the outer bank. 

Generally the local scour at nose of the pier was greater 

when the pier skewed towards the inner bank as compared 

with those recorded with skew towards the outer bank, and 

the largest scour was occur with the largest skew angle. The 

morphology of bed was taken the same context as seem 

through Figures 6 and 7. Finally, the experimental results 

show the negative action of skewed pier on local scour 

process that is the same criterion with skewed pier when 

immersed in straight reach. 

In present study, as mentioned previously, the aim is to 

find the modification factor for local scour which is formed 

at nose of oblong pier when it located at the centre of any 

section within bend. The criterion is the sector angle of pier 

location and the radius of bend, thus, the modification 

factor (Kbend) accordingly its value is not constant, Figure 

14 shows the trend of this factor with sector angle and the 

radius of bend. The best fit formula of this factor at a 

determination coefficient R2=0.9574 is; 

 (1) 

 

Table 1.  Scour parameters for all experiments 

 

Run 

 

θp 

Angle of 

attack ds               

(mm) 

dso     

(mm) 

dsi     

(mm) 

Lh       

(cm) 

Wh  

(cm) 

 

Kbend 
αi αo 

1 0 0 0 25 11 7 12.5 11 1 

2 30 0 0 23.5 5 5 13.4 11.5 0.94 

3 60 0 0 32 14 14 14.7 14 1.28 

4 90 0 0 46 21 37 23.8 19 1.84 

5 90 15 - 62 31 41 30.4 22 2.07 

6 90 30 - 67 47 43 32 27 1.72 

7 90 45 - 74 55 46 36 29.5 1.64 

8 90 - 15 53 25 38 29.5 32 1.77 

9 90 - 30 61 39.5 50 39.5 33.5 1.56 

10 90 - 45 72 42 62 43 34.5 1.6 

11 120 0 0 42 28 15 19 17 1.68 

12 150 0 0 29 13 21 17.6 13 1.16 

13 180 0 0 30 14 23 15 18 1.2 
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Figure 3.  Longitudinal profile along the centreline of bend reach illustrates the bed elevations at equilibrium time when pier located at θp= 0° 

  

Figure 4.  Longitudinal profile along the centreline of bend reach illustrates the bed elevations at equilibrium time when pier located at θp= 30° 

 

Figure 5.  Longitudinal profile along the centreline of bend reach illustrates the bed elevations at equilibrium time when pier located at θp= 60° 

 

Figure 6.  Longitudinal profile of the bed elevations at equilibrium time when pier located at θp= 90° for different angle of attack with inner bank 
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Figure 7.  Longitudinal profile of the bed elevations at equilibrium time when pier located at θp= 90° for different angle of attack with outer bank 

 

Figure 8.  Longitudinal profile of the bed elevations at equilibrium time when pier located at θp= 120° 

 

Figure 9.  Longitudinal profile of the bed elevations at equilibrium time when pier located at θp= 150° 

 

Figure 10.  Longitudinal profile of the bed elevations at equilibrium time when pier located at θp= 180° 
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Figure 11.  Transverse bed form elevation across the centre of pier for all pier positions 

 

Figure 12.  Transverse bed form elevation across the centre of pier at θp= 90° for different angle of attack with inner bank 

 

Figure 13.  Transverse bed form elevation across the centre of pier at θp= 90° for different angle of attack with outer bank 

 

Figure 14.  Modification Factor variation with location of Pier within bend 
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Figure 15.  Length and Width of Scour hole at different locations   

 

Figure 16.  Maximum depth of scour hole at different locations 

 

Figure 17.  Effect of angle of attack for pier with inner bank and outer bank at θp= 90° on scour feature 

 

The variation of length Lh and width Wh of scour hole with 

location of pier are illustrated in Figure 15, it is evident that 

the length of scour hole was less when the pier located within 

the first one-third of bend then slightly increases up to 

maximum when the pier installed at θp=90°, then it begin 

continuously decrease within the second half of the bend, 

nearly the same length of scour hole was recorded with the 

pier when installed at θp=60° and θp=180°. In terms of width, 

the same trend as for length is observed however, the 

increase sector was less severe compared to the case of 

length. Also the trend lines refer that the length of scour hole 

is slightly greater than the width of hole when pier located 

within the first one-third, while the difference seems more 

exaggerated within the second and last third. Figure 16 

shows the variations of Maximum depth of scour hole due to 

changes of pier location within bend reach. The trend of 

variations of depth of scour is same as for length and width 

of the scour hole. According to data points the maximum 

values of scour depth was recorded when pier is installed at 

section 90°, whereas the polynomial best fit trend line for 

data points refer that the maximum scour may occur 

practically if pier located at θp=100°. The angle of attack has 

also been tested to show its effect on scour amount and 

feature. From Figure 17 it can be deduce the increasing in 

angle of attack of pier lead to steadily increase in width and 

length of scour hole for both sides of attack. However, the 

length and width of scour hole for pier skewed towards the 

outer bank are larger than those with skew towards the inner 

bank. 

4. Conclusions 

This paper investigates the bend reach effects on local 

scour which is formed around oblong bridge piers when it 

installed at centre line of any sector within bend for clear 

water condition at the approach straight reach. After 

collection and analysing the experimental data the following 

conclusions are drawn from this experimental study. The 

maximum depth ds, the maximum length Lh, and the 
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maximum width Wh of the scour hole are recorded when 3cm 

pier width and 9cm length installed at θp=90°. Also with the 

same context of straight reach the scour increases with 

increasing angle of attack of pier for the same flow 

conditions. Finally, and through the aim of this study it was 

provide the modification factor due to presence of pier 

within bend. This factor can be used as a multiplication 

factor with any known equations that proposed by 

researchers, which are basically have been derived for local 

scour calculation around pier located within the straight 

reach (e.g., [2], [8] and [11]). Through the results of present 

work the using of this factor become necessary to take into 

account the effect of bend reach on local scour process. 

Notation 

The following symbols are used in this paper 

B= width of pier 

ds = maximum depth of scour hole at upstream face of pier 

dsi = maximum depth of scour hole from inner bank side 

dso = maximum depth of scour hole from outer bank side 

d50= Mean particle size of sand 

Kbend= Modification factor due to bend  

L= length of pier 

Lh = maximum length of scour hole 

Lp = maximum length of point bar, 

σg= standard deviation 

θp= location of the pier in the channel 

Tequ= equilibrium time of scour 

V=the mean velocity at approach flow 

Vc= the mean velocity at threshold of motion of bed 

sediment for approach flow  

Wh = maximum width of sour hole 

αi = angle of attack with inner bank 

αo = angle of attack with outer bank 

θp= the angle of sector at pier location 
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