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Bridge pier scouring may lead to bridge failure, and one of the major factors in 

minimizing scour around the pier is the shape of the pier itself. This study 

investigated the effects of bridge pier nose shapes (rectangular, oblong, and 

triangular) and nose properties (solid and gabion) on scouring around the bridge 

pier. A uniform bed material with a median size (d50 = 0.52 mm) and a standard 

deviation (σg= 2.35) was employed. The results showed that the triangular shape 

has more satisfactory results in reducing scour compared to other shapes of the pier. 

The results revealed the effectiveness of the gabion-nosed piers in decreasing the 

maximum scour depth, results indicated that about a 46% reduction in scour depth 

was obtained due to using the pier with a gabion nose for used pier models. The 

study results may be applied in the area of applicability for bridge pier protection 

design. 
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1. Introduction 

An important and complex research subject in 

hydraulic engineering is local scouring around bridge 

piers. Local scour is one of the major factors leading 

to bridge failures, such as overloading, collisions, and 

poor maintenance. Scour may be defined as a local 

decrease in bed elevation around a bridge pier [1]. A 

scour hole is created at the bridge pier as a result of 

the localized scour, which exposes the pier 

foundation underneath the riverbed. The two main 

types of scour countermeasures used at bridge piers 

are bed armoring and flow-altering methods. Placing 

riprap stones on the riverbed around the bridge pier is 

the most popular method of armoring the riverbed
 

[2,3]. Other armoring systems for river bed around 

the piers include articulating concrete blocks [4,5], 

gabions [5,6], concrete armour units, etc. The 

necessity for flow-altering countermeasures arises 

because bed armoring systems may not be able to 

reduce the local scour around bridge piers. These 

countermeasures vary the flow field dramatically, 

which reduces the axial downflow and eventually 

produces weaker horseshoe vortices. On the other 

hand, due to the lack of large quantities of riprap 

stones or because they are prohibitively expensive, 

the flow-altering methods may be more cost-

effective. Flow-altering countermeasures reduce the 

down flow and the horseshoe vortex strength, which 

are the main reasons for the local scour around the 

bridge pier. Flow-altering countermeasures are 

typically divided into two categories based on the 
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attachments and shapes of the countermeasures: (a) 

pier attachments and pier modifications; and (b) bed 

attachments. There are many types of pier 

modifications, some of which are mentioned as 

follows: slot in a pier[7,8], plate attached to a pier as 

a collar
 

[9,10], threaded pier [11], splitter plate 

[11,12] internal connecting tubes [13,14], sacrificial 

piles [15,16] , openings through pier [13,17], bed sills 

[18,19],  jet injection from the piers body [20], pier 

group [21], roughened pier [22] and caisson [23] are 

relevant.  However, in the field, drilling holes 

through piers may weaken the piers; some 

countermeasures attached to piers may obstruct 

navigational needs; or the existing piers may not be 

compatible with the new jet injection through the 

pier. Jet injection through the pier requires permanent 

pumping units, and their performance must be tested 

in live-bed conditions. To improve the effectiveness 

of these countermeasures, they can also be used 

together [24]. Mostafa [25] conducted an 

experimental investigation into the scour surrounding 

a single pile and various pile group configurations 

exposed to currents and waves. According to the 

experiment's results, a pile group's scour depth is 

greater than a single pile's, depending on how the 

piles are arranged and the distance between them.  

The effect of geo-bags and collars on local scour 

around bridge piles was investigated [26]. According 

to the findings, using a geo-bag and a collar together 

significantly reduced scour for the front and rear 

piles, respectively. The effectiveness of using slots 

and roughening elements as a countermeasure for 

scour on the bridge abutment was investigated [27]. 

They mentioned that scour reductions were obtained 

for such attachments and recommended doing an 

extensive study to identify the effective design 

guidelines.  In order to reduce the effects of local 

scour near a bridge abutment, Elnikhely
 

[15] 

examined the effect of using a protection pile 

upstream of the bridge abutment. The results showed 

that using a pile upstream of the abutment reduced 

the maximum scour depth by about 41%. Abouzeid 

et al. [28] investigated the flow variation and local 

scour around a single pier, as well as the interactive 

effects between bridge piers, using a numerical 

model (3D flow model). According to the results, the 

circular pier produced the lowest scour depth and the 

rectangular pier produced the highest scour depth for 

both single and double pier cases. For the purpose of 

reducing local scour around bridge piers, 

Mohammed et al. [29] conducted an experimental 

study using collars around piers, current deflectors, 

and upstream sacrificial piles. It was observed that 

the local scour depth was reduced by 90% as a result 

of the combination of collars around piers, current 

deflectors, and sacrificial piles upstream of the piers. 

Kumar et al. [30] investigated the effectiveness of 

slots with various lengths and attack angles for 

reducing the scour around the bridge pier. They 

concluded that a slot can significantly reduce scour, 

especially if it extends into the bed, but that if the 

approaching flow has a high obliquity with respect to 

the slot, the slot is effectively worthless.  Najafzadeh 

et al.
 
[31] used the group method of data handling to 

calculate the scour depth of piles exposed to waves. 

They noted that the scouring process around the piles 

could be predicted using the group method of data 

handling. According to Najafzadeh et al.
 
[32] , the 

group method of data handling (GMDH) application 

has resulted in a much better prediction of scour 

depth than that achieved using traditional equations. 

In an experimental study, Najafzadeh and Barani
 

[33] investigated the effects of initial moisture 

content , flow depth, current velocity,  undrained 

shear strength clay percentage, and clay percentage 

on scouring around a bridge pier. They pointed out 

the importance of saturated and unsaturated 

conditions in predicting scour depth.  The neuro-

fuzzy based group method of data handling network 

was used to predict the scour process at pile groups 

[34,35]. In comparison to empirical equations, the 

group method of data handling models based on 

neuro-fuzzy models showed a significantly higher 

accuracy in scour.  

Rasuol et al.[36] investigated the impact of 

cables on local scouring of bridge piers using 

experimental study and ANN, and NFIS algorithms. 

Based on the results, by increasing the cable 

diameter, the initial and final scouring depth can be 

reduced.  Sharp and Tate [37] investigated 

experimentally the feasibility of pier nose extensions 

to reduce local scour around bridge piers. They 

mentioned that the pier extensions reduced the local 
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pier scour by 53% compared with the existing pier 

configuration without extensions. 

The present study aims to study the effect of pier 

nose properties on scour around the bridge pier, A 

new flow-altering countermeasure is used to 

minimize the scour around the bridge pier by using 

gabion noses (with equal particle diameter) to the 

surface of the upstream pier nose.  

2. Experimental Set-Up: 

2.1. Laboratory Flume 

 In the Hydraulic lab at the Faculty of 

Engineering, Zagazig University, Egypt, experiments 

were carried out in a rectangular recirculating flume. 

The rectangular re-circulating flume having a 0.4 m 

width, a 4 m length, and a 0.2 m depth has a 

maximum discharge of 5 L/s, and the used flume is 

shown in Figure 1. For the discharge measurement, 

an orifice meter is used, which is fitted on the 

delivery pipe of a centrifugal pump. The equation of 

the orifice for measuring the discharge is Q (L/s) = 

1.4383*(H)
0.5

, where H is the difference in elevation 

of the mercury in the tube (H in cm). To avoid the 

scour in the initial stages, water was filled from 

downstream at a very slow rate, and then the flow 

rate was adjusted by a control valve and the flow was 

re-circulated. The valve is operated gently without 

disturbing the bed surface until the desired depth of 

flow is obtained. And further, to obtain the required 

depth of flow, the tail gate is operated. The water 

surface and the scour depth are measured using a 

point gauge, which is sensitive to an extent of 0.1 

mm.  

2.2.  Pier Models  

As shown in Figures 2, six piers of different 

shapes and nose properties of equal width were used 

as pier models, since it was recommended by Chiew 

and Melville [38] that the pier width should be less 

than 10% of the flume width in order to avoid the 

influence of the walls, which leads to contraction 

scour. Hence, the pier width in all cases was 4 cm. 

The pier models used in this study have a fixed width 

to length ratio of 1:4. Three of the pier models used 

in this study are of different shapes (rectangular, 

oblong, triangular) with a solid nose as shown in 

figure 2, and the other three models are gabion-nosed 

piers (rectangular, oblong, triangular) as shown in 

figure 2. The gabion nose length is half of the pier’s 

width, and the gabion nose has a median grain size of 

1.20 mm. 

 

Figure 2: Piers shape models. 

 

2.3. Bed Material 

   

The sand bed material used in this study was 

analyzed by carrying out a mechanical sieve analysis 

test. The bed material had a geometric standard 

deviation of σg=2.35 and a median particle size (d50) 

of 0.52 mm, as determined by the sieve analysis. The 

plot of the grain size distribution test is depicted in 

figure 3.  Additionally, it is known that the grain size 

of the bed material has no effect on the depth of scour 

if the pier width to grain size ratio is greater than 

approximately 25 (Melville, 1997) [39]. This is to 

disregard the effect of sediment size on the depth of 

scour. Therefore, for this study, the ratios are 

approximately 72.72 for the pier width, which meets 

the criterion of Melville (1997)[39]. 

Figure 1: Laboratory Flume. 
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Figure 3: The grain size distribution 

2.4. Experimental Procedure 

All experiments were conducted in clear water 

under steady subcritical flow on a plain bed; no dunes 

or ripples were generated through the working 

section's upstream portion. The following process 

method was used: 

1. Pier models were fixed vertically at the middle 

of their respective places within the section in 

use.  

2. The bed of the section in use is filled with a 10 

cm thick layer of sand.  

3. A scraper was used to level the bed's surface, 

and the point gauge was also used to check the 

levels of the beds.  

4. The working area is filled with water by hose 

from the downstream section of the flume, and 

the tail gate is raised to allow any air bubbles to 

percolate out of the bed, in order to avoid any 

initial scouring around the piers and to prevent 

any disturbances in the sand bed after starting 

pumping. 

5. After starting pumping, the required water depth 

is obtained in the flume by gradually lowering 

the tail gate. This depth is checked by a point 

gauge, and the run is conducted over two hours.  

6. Time was recorded using a stopwatch during 

each test, and at the end of the time, the flow 

was stopped by turning off the centrifugal 

pump. 

7. To prevent any change in the scour hole, the 

flume drains slowly. After the sand has had time 

to dry, a point gauge is used to record the 

necessary measurements of the sand bed in all 

directions, including upstream, downstream, 

longitudinally, and transversely. 

8. The steps from 1 through 7 were repeated after 

adjusting the sand levels, gradually altering the 

shape of the pier. 

3. RESULTS AND DISCUSSION 

The main objective of the experiment is to 

examine the minimum scour depth condition among 

rectangular, oblong, and triangular piers with a major 

focus on the time after which equilibrium scour 

condition is achieved. Table 1 shows the maximum 

scour depth at various flow depths and velocity for all 

pier models.  

Table 1. The experiment Results 
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4.8 4.5 0.267 0.401 2.4 2.1 1.3 1.4 1.1 0.7 

4.8 5 0.24 0.342 1.6 1.5 0.8 0.9 0.7 0.5 

4.8 5.5 0.218 0.297 1.4 0.8 0.5 0.6 0.6 0.3 

4.8 6 0.2 0.26 1.3 0.6 0.3 0.5 0.3 0.1 

4.8 7 0.171 0.206 0.7 0.4 0.1 0.3 0.1 0.1 

3.1. Effect of pier shape 

The scour depth variation for different flow 

conditions and different pier shapes is shown in 

Figure 4. From the figure, it is observed that scouring 

is drastically reduced with the change of the pier's 

shapes and increases with an increase in flow 

velocity. These results also showed that a rectangular 

pier shape developed a maximum scour depth 

because of the upstream pier shape and corners, 

where a powerful horseshoe vortex system occurs. 

Due to its upstream shape, which only promotes a 

very weak vortex system, the triangular pier 

developed the lowest scour depth when compared to 

other shapes. As seen in figure 5, the triangular shape 

reduced the scour depth by about 46% when 

compared to the rectangular shape at the flow 

velocity V = 0.267 m/s. 
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Figure 4: The relationship between velocity and 

scour depth of different uniform pier shapes 

 

Figure 5: Scour around different bridge pier shapes 

for the flow velocity V = 0.267 m/s. 

3.2. The effect of the pier with a gabion nose 

Figure 6 depicts the variation in scour depth for 

various flow conditions and pier shapes, including 

gabion nose piers. From the figure, it is observed that 

scouring is drastically reduced with the change of the 

pier's shapes and the pier nose properties and 

increases with an increase in flow velocity. Due to 

the upstream pier shape and the gabion porosity, 

which only had a very weak vortex system, these 

results also showed that piers with gabion noses 

developed a minimum scour depth. As shown in 

figure 7, the gabion nose decreased the scour depth 

by about 50% compared to the pier without the 

gabion nose at the flow velocity V = 0.267 m/s. 

 

Figure 6: The relationship between velocity and scour 

depth of different pier models 

 

Figure 7: Scour around different bridge pier shapes 

and gabion noses for the flow velocity V = 0.267 m/s. 

The contour maps of bed morphology were drawn 

by using The Surfer program [40]. Figures 8 and 9 

show the contour map of bed morphology around all 

pier models under the same experimental conditions 

respectively.  It can be observed that the scoured 

region is large for rectangular pier than triangular 

pier. The scour depth at triangular pier is reduced by 

46% than the scour depth at rectangular pier under 

the same experimental conditions. The diameter of 

scour hole is more in case of rectangular pier than 

triangular pier and that too for every experimental 

condition. However, the deposition height and 

deposition length at downstream of pier is also 

greater for rectangular pier. The scour hole region 

around gabion nosed pier is smaller than the pier 

without gabion nose. 
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(A) rectangular pier  

(B) oblong pier  

(c) triangular pier  

Figure 8: The contour map of bed morphology 

around all pier models without gabion nose for the 

flow velocity V = 0.267 m/s. 

(A) rectangular gabion nose 

(B) oblong gabion nose 

(c) triangular gabion nose 

Figure 9: The contour map of bed morphology 

around pier model’s with gabion nose for the flow 

velocity V = 0.267 m/s. 

4. Conclusions and recommendations 

At bridge piers in clear water, experiments were 

conducted to assess the effectiveness of different pier 

nose properties as scour countermeasures. The 

gabion-nosed piers demonstrated their effectiveness 

in reducing maximum scour depths.  

Gabion-nosed piers are recommended for existing 
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bridges because they are a straightforward, 

affordable countermeasure and simple to install. 

Laboratory results observed that scouring is 

drastically reduced with the change of the pier's 

shapes and the pier nose properties and increases 

with an increase in flow velocity. Laboratory tests 

revealed that piers with gabion noses can reduce 

scouring depth by up to 46% compared to the same 

pier shape without gabion noses. The scour hole 

region around a gabion-nosed pier is smaller than 

the scour hole region of the pier without a gabion 

nose.  

Before being applied in the field, this 

method as a scour countermeasure requires more 

testing in the lab to determine its effectiveness in 

real-world scour conditions, skewed flow, and the 

impact of various gabion nose heights and 

dimensions on other pier shapes on scour around the 

pier. 
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