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 Local scour around bridge piers is a major cause of foundation instability under strong 
hydraulic loading. This study experimentally evaluates porous-net configurations as flow-
modifying countermeasures for reducing local scour around a cylindrical bridge pier. 
Controlled flume tests were conducted under two discharge conditions using an 
unprotected pier and two porous-net configurations with different relative densities and 
structural arrangements: a triangular configuration (MJB1) and a reinforced triangular 
configuration (MJB2). Flow velocity and dimensionless hydraulic parameters were 
evaluated together with maximum scour depth, scour volume, and spatial bed-elevation 
change. Unlike previous studies that primarily examined rigid permeable devices or 
assessed performance solely by maximum scour depth, this study applies a multi-metric 
morphological assessment to determine both the magnitude and spatial extent of scour 
mitigation. Under the higher tested discharge condition (Q2), the reinforced MJB2 
configuration reduced the maximum scour depth from approximately 5.4 cm for the 
unprotected pier to 0.9 cm, corresponding to an 83.36% reduction. This result was obtained 
under the specified laboratory conditions (D = 0.05 m, h = 0.15 m, and d50 = 0.80 mm) and 
should be interpreted within this experimental context. The measured velocity attenuation 
and morphological response indicate that the denser configuration increased hydraulic 
resistance and limited sediment entrainment near the pier. The results indicate that the 
porous-net configuration and relative structural density influenced scour-mitigation 
performance under the investigated laboratory conditions. The proposed multi-metric 
evaluation provides a more comprehensive basis for assessing flexible porous 
countermeasures than maximum scour depth alone. 
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1. INTRODUCTION 

 
Local scour around bridge piers is widely recognized as one 

of the most critical hydraulic processes affecting the stability 
and safety of bridge foundations in river environments [1]. 
When an approaching flow encounters a cylindrical bridge 
pier, the flow field becomes highly disturbed, producing 
complex three-dimensional turbulent structures, including 
downflow jets, horseshoe vortices at the pier's upstream base, 
and wake vortices downstream [2]. These hydrodynamic 
structures significantly intensify the bed shear stress around 
the pier and increase the flow's sediment transport capacity, 
resulting in progressive erosion of the riverbed surrounding 
the pier foundation. Excessive scour depth may expose bridge 
foundations and ultimately threaten the bridge's structural 
integrity.  

The mechanism of local scour around cylindrical obstacles 
has been widely investigated in hydraulic engineering 
research. When flow impinges on a bridge pier, stagnation 
pressure at the upstream face generates a downward jet that 
deflects toward the bed and forms a horseshoe vortex system 

around the base of the structure [3]. This vortex system plays 
a dominant role in lifting and transporting sediment particles 
from the bed. In addition, flow contraction along the sides of 
the pier accelerates the local velocity and further increases the 
bed shear stress, while wake vortices downstream redistribute 
sediment and contribute to the expansion of the scour hole.  

Because excessive scour poses a major threat to bridge 
safety, numerous countermeasures have been developed to 
mitigate sediment erosion around bridge foundations [4]. 
Conventional protection methods typically involve structural 
armoring of the riverbed, such as riprap layers, concrete 
collars, geotextile mattresses, or sacrificial piles installed 
around the pier. These techniques primarily function by 
increasing the bed material's resistance to erosion or by 
shielding the foundation from high-velocity flow. Although 
these structural countermeasures are widely used in 
engineering practice, they often require large quantities of 
construction materials, involve complex installation 
procedures, and may significantly alter natural river 
morphology and sediment transport processes [5]. 

To address these limitations, recent studies have 
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increasingly explored alternative strategies that modify the 
hydrodynamic characteristics of the approaching flow rather 
than directly reinforcing the riverbed [6]. Flow-modifying 
structures, such as current deflectors, flow-guiding devices, 
and porous barriers, have been proposed to reduce the intensity 
of vortex systems responsible for scour formation [7]. By 
redistributing the velocity field and attenuating turbulence 
around the pier, these structures can reduce near-bed shear 
stress and consequently limit sediment entrainment. Among 
these alternatives, porous structures are particularly attractive 
because they can dissipate hydraulic energy while allowing 
partial flow passage. Unlike impermeable barriers, which 
produce strong flow separation and turbulent amplification, 
porous obstacles allow a fraction of the incoming flow to pass 
through their internal voids [8]. This bleed flow reduces the 
pressure gradient at the upstream face of the obstacle and 
weakens the formation of strong horseshoe vortices near the 
bed, thereby limiting sediment entrainment and reducing scour 
intensity. Furthermore, the hydraulic performance of porous 
obstacles is strongly influenced by their structural porosity or 
density. Variations in porosity modify the velocity distribution 
and bed shear stress in the surrounding flow field. Increasing 

the obstacle's porosity allows more flow to pass through the 
structure, reducing the flow velocity beneath the obstacle and, 
consequently, decreasing the resulting scour depth [9]. 
Numerical and theoretical analyses have demonstrated that 
higher porosity can significantly reduce the maximum scour 
depth beneath hydraulic obstacles by lowering the bed shear 
stress acting on the sediment bed. 

Despite increasing interest in permeable flow-control 
structures, three limitations remain in the existing literature. 
First, most previous investigations have focused on rigid 
porous obstacles, permeable collars, baskets, or large woody-
debris analogues rather than flexible porous-net systems 
installed around cylindrical bridge piers. Second, porosity or 
permeability has generally been evaluated as a geometric 
property of an obstacle, whereas the role of net density as an 
adjustable design parameter governing flow penetration and 
hydraulic resistance has received limited experimental 
attention. Third, scour-mitigation performance has commonly 
been evaluated using maximum scour depth alone, which does 
not fully represent the spatial redistribution of erosion and 
deposition around the protected pier. The conceptual 
framework of this study is illustrated in Figure 1.

 

 
 

Figure 1. Conceptual framework of hydrodynamic scour mitigation using porous net structures 
 
The porous-net configuration was selected as the principal 

design parameter because it determines the proportion of the 
incoming flow that can pass through the structure. A relatively 
low-density net permits greater flow transmission, whereas a 
denser or reinforced net provides higher hydraulic resistance 
and greater momentum attenuation. These differences are 
expected to influence near-pier velocity and the capacity of the 
flow to entrain and redistribute bed sediment. Thus, evaluating 
net density provides a direct basis for linking an adjustable 
structural characteristic of the protection system to its 
hydraulic and morphological performance. In this study, 
vortex attenuation and bed-shear-stress reduction are treated 
as physically supported interpretations of the measured flow 
and bed responses rather than directly measured quantities. 

Accordingly, this study experimentally compares an 
unprotected cylindrical pier with two porous-net 
configurations representing different relative densities and 

structural arrangements under two discharge conditions. The 
objectives are to: (1) determine how porous-net configuration 
and relative density affect the longitudinal flow 
characteristics; (2) quantify their effectiveness in reducing 
maximum local scour depth; and (3) evaluate the broader 
morphological response using scour volume and area-based 
bed-elevation change. 

The principal contribution of this study is a multi-metric 
experimental framework that connects an adjustable porous-
net design characteristic with both local and spatial indicators 
of scour mitigation. Unlike approaches based only on 
maximum scour depth, the proposed assessment integrates 
maximum depth, total scour volume, and the spatial extent of 
positive bed-elevation change. This combination provides a 
more comprehensive understanding of whether a 
countermeasure merely reduces the deepest point of the scour 
hole or also limits the overall magnitude and spatial extent of 



 

bed erosion. 
The novelty of this study lies in the comparative 

experimental evaluation of flexible porous-net configurations 
as adjustable flow-modifying countermeasures and in the 
integration of three complementary morphological indicators: 
maximum scour depth, total scour volume, and area-based 
bed-elevation change. This approach extends previous scour 
assessments, which were mainly based on a single maximum-
depth indicator, and provides a more spatially comprehensive 
explanation of how porous-net configuration and relative 
density affect local scour mitigation around cylindrical bridge 
piers. 

 
 

2. LITERATURE REVIEW 
 
2.1 Bridge pier scour in open-channel flow 

 
Local scour around bridge piers is widely recognized as a 

primary cause of bridge foundation instability in river 
environments. When an approaching flow encounters a bridge 
pier, the flow structure is significantly modified due to the 
obstruction introduced by the pier geometry [10]. This 
interaction between the flow and the pier generates complex 
hydrodynamic phenomena that strongly influence sediment 
transport processes. 

One of the most important mechanisms associated with 
bridge pier scour is the formation of downflow at the upstream 
face of the pier [11]. The approaching flow decelerates near 
the stagnation point and is redirected downward toward the 
riverbed. This downward jet accelerates near the bed surface, 
increasing local bed shear stress and initiating sediment 
motion and erosion around the base of the pier. 

In addition to downflow, the interaction between the 
incoming flow and the pier generates a horseshoe vortex 
system around the upstream base of the pier. The horseshoe 
vortex forms due to boundary-layer separation as the flow 
encounters the obstruction. This vortex continuously rotates 
around the pier base and enhances sediment entrainment from 
the riverbed. Downstream of the pier, wake vortices develop 
as a result of flow separation behind the structure. These 
vortices contribute to sediment redistribution and further 
expansion of the scour hole. The combined effects of 
downflow, horseshoe vortices, and wake vortices result in 
progressive scour development around the pier [12].  

The magnitude of local scour depends on several hydraulic 
parameters, including flow velocity, flow depth, sediment 
characteristics, and pier geometry. Understanding these 
hydrodynamic mechanisms is therefore essential for 
developing effective strategies to mitigate scour around bridge 
piers. 
 
2.2 Hydrodynamic interaction between flow and bridge 
piers 

 
Flow around bluff bodies, such as bridge piers, has been 

widely studied in hydraulic engineering due to their complex 
vortex dynamics and implications for sediment transport [13]. 
When the incoming flow interacts with a cylindrical pier, it 
undergoes separation, vortex shedding, and turbulent 
generation. These hydrodynamic processes are strongly 
influenced by the Reynolds number (Re), which determines 
whether the flow remains laminar or becomes turbulent. At 
higher Re, vortex shedding becomes more pronounced, 

leading to stronger turbulent and fluctuating forces around the 
structure.  

The vortex structures generated around cylindrical piers can 
significantly modify the distribution of turbulent kinetic 
energy and Re shear stress in the surrounding flow field. Such 
hydrodynamic features play a crucial role in controlling 
sediment entrainment and scour development. Experimental 
investigations have shown that modifications to the flow field 
near bluff bodies can significantly alter vortex dynamics and 
reduce turbulent intensity [14]. These findings suggest that 
controlling the flow structures around bridge piers can be an 
effective strategy for mitigating scour formation. 
 
2.3 Mechanisms of sediment entrainment and local scour 
development 

 
Sediment entrainment occurs when the hydrodynamic 

forces acting on bed particles exceed the critical shear stress 
required to initiate motion. Around bridge piers, the 
combination of downflow acceleration and vortex circulation 
significantly increases the bed shear stress near the pier base 
[15]. The erosion process begins when the local bed shear 
stress surpasses the critical threshold for sediment movement. 
Once sediment particles are dislodged, they are transported by 
the surrounding flow and deposited downstream of the pier, 
leading to the formation of a scour hole. The development of 
the scour hole further modifies the local flow field. As the 
scour depth increases, the vortex system becomes stronger, 
and the downflow penetrates deeper into the bed [16]. This 
feedback mechanism accelerates the scour process and can 
lead to significant erosion around bridge foundations. Because 
of this self-reinforcing mechanism, controlling the 
hydrodynamic processes that drive sediment entrainment is 
crucial for reducing scour. 
 
2.4 Existing scour mitigation methods 

 
Various engineering techniques have been developed to 

mitigate scour around bridge piers. These countermeasures 
generally fall into two categories: bed-protection methods and 
flow-modification methods. Bed protection methods aim to 
increase the resistance of the riverbed material against erosion 
[17]. Typical examples include riprap, gabions, concrete 
blocks, and geotextile mats. While these methods can 
effectively protect the bed surface, they often require large 
quantities of construction materials and may become unstable 
under extreme hydraulic conditions. Flow modification 
methods aim to reduce the intensity of the hydrodynamic 
processes responsible for scour formation. These techniques 
alter the flow field around the pier to weaken vortex formation 
and reduce bed shear stress. Common flow control devices 
include collars, splitter plates, guide vanes, submerged vanes, 
and pier slots. These devices modify the flow pattern around 
the pier and reduce the strength of the horseshoe vortex 
system. However, many of these structures are rigid and may 
require complex installation procedures. Recent research has 
therefore explored alternative flow control techniques that are 
simpler and more adaptable to hydraulic environments [18]. 
 
2.5 Porous structures as flow control devices 

 
Porous structures have emerged as a promising approach for 

hydraulic flow control due to their ability to dissipate flow 
energy while allowing partial fluid penetration [19]. Unlike 



 

solid barriers that completely block flow, porous structures 
allow a portion of the flow to pass through their openings, 
reducing stagnation pressure and flow contraction. The 
presence of a porous medium increases hydraulic resistance 
and promotes momentum dissipation within the flow [20]. As 
water passes through the porous structure, part of its kinetic 
energy is converted into turbulent and frictional losses, 
reducing the effective flow velocity downstream. This 
mechanism can significantly weaken vortex formation and 
reduce turbulent intensity around hydraulic structures. By 
attenuating the approaching flow energy, porous structures can 
modify the near-bed velocity distribution and decrease the bed 
shear stress acting on the sediment bed. 
 
2.6 Influence of porous-net density on flow hydrodynamics 

 
Among various porous flow-control systems, porous nets 

are a flexible, practical structure that can be installed around 
bridge piers to modify the surrounding flow field. The density 
of the porous-net determines the level of flow resistance and 
energy dissipation generated by the structure [21]. A porous 
net with a higher density provides greater resistance to 
incoming flow, leading to stronger velocity reduction and 
greater turbulence attenuation. Conversely, a lower-density 
porous-net allows greater flow penetration and may produce 
weaker hydrodynamic modification. Changes in porous-net 
density, therefore, influence several key hydraulic parameters, 
including flow velocity distribution, turbulent intensity, vortex 
strength around the pier, and bed shear stress near the sediment 
bed. These hydrodynamic changes directly affect the sediment 
entrainment process and ultimately determine the magnitude 
of local scour depth.  

Despite growing interest in porous flow-control devices, 
few studies have systematically examined how varying 
porous-net densities affect scour reduction around cylindrical 
bridge piers [22]. Most previous studies have focused 
primarily on rigid flow-control structures rather than on 
flexible porous systems. Therefore, further experimental 
investigations are needed to better understand the 
hydrodynamic effects of porous-net density on scour 
development and to evaluate its effectiveness as a scour 
mitigation strategy. 
 
2.7 Critical comparison of previous studies 

 
Previous studies on bridge-pier scour mitigation have 

generally examined two approaches: direct bed protection and 
flow modification. Bed-protection methods, including riprap, 

gabions, and geotextile systems, increase resistance against 
sediment erosion but may require substantial construction 
materials and alter natural sediment-transport processes. 
Flow-modification devices, including collars, slots, guide 
vanes, and permeable countermeasures, instead seek to modify 
the downflow, horseshoe-vortex system, and near-bed 
hydraulic forcing responsible for scour development. 

Permeable countermeasures modify pier-induced scour by 
allowing partial flow transmission rather than completely 
obstructing the approaching flow. Permeable collars have been 
shown to reduce local scour by modifying downflow and 
horseshoe-vortex development, while porous baskets provide 
localized protection through combined flow resistance and 
sediment retention. Their effectiveness depends on the 
opening ratio, geometric arrangement, and installation 
position relative to the pier. 

Pan et al. [3] demonstrated that permeability modifies bleed 
flow, wake velocity, turbulent kinetic energy, and erosion–
deposition patterns around cylindrical structures. Panici and 
Kripakaran [23] similarly showed that the porosity of large 
woody-debris accumulations influences localized scour at 
bridge piers. More recently, Tang and Li [24] reported that 
obstacle porosity affects flow partitioning, bed shear stress, 
and vertical-contraction scour. These findings indicate that 
permeability and structural density are important parameters 
that control the interactions among flow resistance, turbulent, 
and sediment transport. Nevertheless, most existing studies 
have investigated rigid porous obstacles, permeable collars, 
porous baskets, or woody-debris analogues. Compared with 
other countermeasures, relatively limited attention has been 
given to flexible porous-net countermeasures installed around 
cylindrical bridge piers. In addition, previous assessments 
have frequently emphasized maximum scour depth without 
simultaneously evaluating scour volume and spatial changes 
in bed elevation.  

 
 

3. METHODOLOGY 
 
3.1 Hydraulic flume configuration 

 
The main geometric and hydraulic parameters of the 

laboratory flume used in this study are summarized in Table 1. 
These parameters define the experimental conditions for 
investigating the hydrodynamic interaction between the 
approaching flow and the cylindrical bridge pier with porous 
net protection. 

 
Table 1. Hydraulic flume and experimental parameters 

 
Parameter Symbol Value Unit Description 

Flume length L 12.0 m Total length of the experimental channel 
Flume width B 0.60 m Internal width of the rectangular flume 
Flume height Hf 0.50 m Total height of the flume wall 
Flow depth h 0.15 m Water depth during experiments 

Pier diameter D 0.05 m Diameter of the cylindrical bridge pier 
Sediment median size d50 0.80 mm Median diameter of bed material 

Sediment density ρs 2650 kg/m³ Density of sediment particles 
Water density ρ 1000 kg/m³ Density of water 

Kinematic viscosity v 8.69 × 10⁻⁷ m²/s m²/s Kinematic viscosity of water 
Gravitational acceleration g 9.81 m/s² Gravitational acceleration 

Discharge condition 1 Q1 1.33 × 10⁻⁴ m³/s Low discharge condition 
Discharge condition 2 Q2 2.10 × 10⁻⁴ m³/s m³/s High discharge condition 

 



3.2 Porous-net configurations and installation 
 
Two porous-net countermeasures were evaluated in the 

experiments. Both were constructed using commercially 
available flexible polymer netting supported by a rigid wire 
frame and installed upstream of the cylindrical pier. MJB1 
consisted of a single triangular net arrangement, whereas 
MJB2 employed a reinforced triangular arrangement 
incorporating additional overlapping net elements. Therefore, 
the configurations differed primarily in their structural 
arrangement and effective flow blockage rather than in 
independently calibrated material porosity. 

Based on the nominal model dimensions and available 
experimental documentation, both configurations had an 
approximate length of 20 cm, width of 20 cm, and height of 10 
cm, corresponding to 4D × 4D × 2D, where the pier diameter 
D was 5 cm. The net had an approximately square mesh 
opening of 5 × 5 mm. The upstream boundary of the structure 
was positioned approximately 5 cm (1𝐷𝐷) from the upstream 
face of the pier. Its lower edge was placed flush with the initial 
sediment-bed surface, and the structure was aligned 
symmetrically with the longitudinal centreline of the pier. The 
external dimensions and installation arrangement were 
maintained consistently for both configurations. 

MJB2 provided greater flow obstruction than MJB1 
because of its reinforced arrangement. Since porosity and 
solidity were not directly measured, the results represent a 
comparison of net configurations rather than a calibrated 
density–scour relationship. 
 
3.3 Hydraulic flow conditions 

 
The experiments were conducted under controlled 

discharge conditions representing different levels of hydraulic 
forcing in the open-channel flume. The hydraulic conditions 
were characterized using mean flow velocity 𝑉𝑉, flow depth ℎ, 
depth-based Reynolds number (𝑅𝑅𝑒𝑒ℎ) , and Froude number 
(𝐹𝐹𝐹𝐹). These dimensionless parameters describe the relative 
influence of viscous and gravitational forces and provide a 
consistent basis for comparing the flow conditions associated 
with the MJB1 and MJB2 configurations [25, 26]. 

The depth-based Re was calculated as: 
 

𝑅𝑅𝑒𝑒ℎ =
𝑉𝑉ℎ
𝜈𝜈

 (1) 

 
where, 𝑉𝑉 is the mean flow velocity (m/s), ℎ is the local flow 
depth (m), and 𝜈𝜈 is the kinematic viscosity of water (m²/s). The 
parameter 𝑅𝑅𝑒𝑒ℎ represents the ratio of inertial to viscous effects 
based on the measured flow depth. 

The Fr was calculated as: 
 

𝐹𝐹𝐹𝐹 =
𝑉𝑉

�𝑔𝑔ℎ
 (2) 

 
where, 𝑔𝑔  is gravitational acceleration (9.81 m/s²). The Fr 
represents the ratio of inertial to gravitational effects and was 
used to classify the local flow as subcritical (𝐹𝐹𝐹𝐹 < 1), critical 
(𝐹𝐹𝐹𝐹 = 1), or supercritical (𝐹𝐹𝐹𝐹 > 1). The calculated 𝑅𝑅𝑒𝑒ℎ  and 
𝐹𝐹𝐹𝐹  values characterize the hydraulic regime at the 
measurement stations. They do not directly quantify turbulent 
intensity, vortex strength, or bed shear stress; these processes 
require direct spatial flow measurements. 
 

3.4 Scour depth measurement 
 
The development of local scour around the bridge pier was 

monitored during each experimental run. After the flow 
conditions reached equilibrium, the bed surface elevation was 
measured along the longitudinal centerline passing through the 
pier [27]. This measurement allowed the identification of the 
scour-hole geometry and the determination of the maximum 
scour depth. The maximum scour depth was obtained by 
comparing the final bed elevation after the experiment with the 
initial bed level prior to the flow test. The scour depth is 
defined as: 

 
𝑑𝑑𝑠𝑠 = 𝑧𝑧0 − 𝑧𝑧𝑓𝑓 (3) 

 
where, 𝑑𝑑𝑠𝑠  is the local scour depth (m), 𝑧𝑧0  is the initial bed 
elevation before the experiment (m), and 𝑧𝑧𝑓𝑓  is the final bed 
elevation after the experiment (m). The parameter 𝑑𝑑𝑠𝑠 
represents the vertical difference between the initial sediment-
bed elevation and the lowest bed elevation measured around 
the pier after the experiment. 
 
3.5 Scour-mitigation performance indicators 

 
Three complementary indicators were used to evaluate 

scour mitigation: maximum scour-depth reduction, scour-
volume reduction, and area-based bed recovery. All 
calculations used the same measured bed domain and the 
unprotected pier under the corresponding discharge condition 
as the reference. Bed-elevation change at each measurement 
cell was defined as: 

 
𝛥𝛥𝑧𝑧𝑖𝑖 = 𝑧𝑧𝑓𝑓,𝑖𝑖 − 𝑧𝑧0,𝑖𝑖 (4) 

 
where, 𝑧𝑧0,𝑖𝑖  and 𝑧𝑧𝑓𝑓,𝑖𝑖  are the initial and final bed elevations at 
cell 𝑖𝑖, respectively. Thus, Δ𝑧𝑧𝑖𝑖 < 0 indicates erosion, whereas 
𝛥𝛥𝑧𝑧𝑖𝑖 > 0 indicates deposition or positive bed-elevation change. 

Maximum scour depth represents the greatest vertical 
erosion observed within the measurement domain: 

 
𝑑𝑑𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚

𝑖𝑖
�𝑧𝑧0,𝑖𝑖 − 𝑧𝑧𝑓𝑓,𝑖𝑖� 

 
Its reduction relative to the unprotected pier was calculated 

as: 
 

𝑅𝑅𝑑𝑑 =
𝑑𝑑𝑠𝑠,0 − 𝑑𝑑𝑠𝑠,𝑝𝑝

𝑑𝑑𝑠𝑠,0
× 100% (5) 

 
where, 𝑑𝑑𝑠𝑠,0  and 𝑑𝑑𝑠𝑠,𝑝𝑝  are the maximum scour depths for the 
unprotected and protected conditions, respectively. 

Scour volume represents the cumulative negative bed-
elevation change over the evaluated area: 

 

𝑉𝑉𝑠𝑠 = �𝑚𝑚𝑚𝑚𝑚𝑚
𝑛𝑛

𝑖𝑖=1

(0,−𝛥𝛥𝑧𝑧𝑖𝑖)𝛥𝛥𝐴𝐴𝑖𝑖 (6) 

 
where, 𝛥𝛥𝐴𝐴𝑖𝑖  is the area represented by measurement cell 𝑖𝑖 . 
Scour-volume reduction was determined as: 

 

𝑅𝑅𝑉𝑉 =
𝑉𝑉𝑠𝑠,0 − 𝑉𝑉𝑠𝑠,𝑝𝑝

𝑉𝑉𝑠𝑠,0
× 100% (7) 

 



 

This indicator measures the reduction in total sediment 
deficit and differs physically from maximum scour-depth 
reduction, which represents only the deepest erosion point. 

The area-based bed recovery ratio was defined as the 
proportion of the measured domain exhibiting positive bed-
elevation change: 

 

𝑅𝑅𝐴𝐴 =
∑ 𝐼𝐼𝑛𝑛
𝑖𝑖=1 (𝛥𝛥𝑧𝑧𝑖𝑖 > 0)𝛥𝛥𝐴𝐴𝑖𝑖

∑ 𝛥𝛥𝑛𝑛
𝑖𝑖=1 𝐴𝐴𝑖𝑖

× 100% (8) 

 
where, 𝐼𝐼(⋅)  equals 1 when the condition is satisfied and 0 
otherwise. This indicator describes the spatial extent of 
deposition or positive elevation change and does not represent 
the percentage of eroded sediment volume that was restored. 

 
 

4. RESULT AND DISCUSSION 
 
4.1 Hydraulic flow characteristics around the cylindrical 
pier 

 
The hydraulic behavior of the approaching flow around the 

cylindrical bridge pier was evaluated using the Fr and Re, 
which are key indicators of the flow regime and turbulent 
characteristics governing sediment entrainment and scour 
formation. Flow approaching a bridge pier undergoes strong 
hydrodynamic disturbance characterized by flow deceleration 
at the stagnation zone, downward impinging flow (downflow), 
development of horseshoe vortices around the pier base, and 
wake vortices downstream of the pier.  

These vortex systems increase near-bed shear stress and 
mobilize sediment particles, ultimately forming a scour hole 
around the pier foundation. The present study investigates how 
porous-net with different densities modify these 
hydrodynamic processes and reduce scour depth. Hydraulic 
measurements were conducted at 12 longitudinal stations 
downstream of the pier. The measured variables include flow 
velocity, flow depth, Re, and Fr. 
 
4.2 Froude number distribution 

 
The interactions between flow resistance and turbule 

configurations under the higher tested discharge condition 
(𝑄𝑄2 ) are summarized in Table 2. The flow regime was 
classified as subcritical for 𝐹𝐹𝐹𝐹 < 1, critical for 𝐹𝐹𝐹𝐹 = 1, and 
supercritical for 𝐹𝐹𝐹𝐹 > 1. 

 
Table 2. Froude number (Fr) distribution along the channel 

 
Station Fr 

(MJB1) 
Flow 

Regime 
Fr 

(MJB2) 
Flow 

Regime 
S1 1.091 Supercritical 1.328 Supercritical 
S2 1.117 Supercritical 1.298 Supercritical 
S3 1.141 Supercritical 1.269 Supercritical 
S4 1.061 Supercritical 1.106 Supercritical 
S5 1.034 Supercritical 1.088 Supercritical 
S6 1.071 Supercritical 1.039 Supercritical 
S7 1.088 Supercritical 1.039 Supercritical 
S8 0.946 Subcritical 0.974 Subcritical 
S9 0.808 Subcritical 0.723 Subcritical 

S10 0.850 Subcritical 0.702 Subcritical 
S11 0.746 Subcritical 0.629 Subcritical 
S12 0.793 Subcritical 0.652 Subcritical 
 
As shown in Table 2, both configurations exhibited 

supercritical flow at upstream stations S1–S7 and subcritical 
flow at downstream stations S8-S12. The transition occurred 
between S7 and S8, where the Fr decreased from above to 
below unity. MJB2 produced higher Fr than MJB1 at S1-S5, 
whereas the opposite pattern was generally observed farther 
downstream. These results indicate that the reinforced porous-
net configuration redistributed the local hydraulic conditions 
along the measurement section rather than uniformly reducing 
the Fr. 

Figure 2 presents the longitudinal distribution of mean flow 
velocity at measurement stations S1–S12 for the MJB1 and 
MJB2 configurations under the higher tested discharge 
condition (𝑄𝑄2 ). Both configurations show relatively high 
velocities at the upstream stations, followed by an overall 
decrease toward the downstream stations. Differences 
between the two profiles indicate that the reinforced 
arrangement of MJB2 modified the longitudinal distribution of 
flow velocity rather than producing a uniform reduction along 
the entire measurement section. This redistribution of flow 
momentum may have contributed to the lower scour depth 
observed for MJB2. However, because turbulent intensity and 
vortex strength were not measured directly, their modification 
is interpreted as a physically plausible mechanism rather than 
a directly verified process. 

 

 
 
Figure 2. Longitudinal distribution of mean flow velocity 
(m/s) at measurement stations S1-S12 for the MJB1 and 
MJB2 porous-net configurations under the higher tested 

discharge condition (𝑄𝑄2) 
 
4.3 Reynolds number analysis 

 
The depth-based Re calculated for the MJB1 and MJB2 

configurations under the higher tested discharge condition 
(𝑄𝑄2) is presented in Table 3. The flow regime was classified 
as laminar for 𝑅𝑅𝑒𝑒ℎ < 2000 , transitional for 2000 ≤ 𝑅𝑅𝑒𝑒ℎ ≤
4000 , and turbulent for 𝑅𝑅𝑒𝑒ℎ > 4000 . Furthermore, the Re 
distribution is illustrated in Figure 3. 

For MJB1, the tabulated Re were 33,833.5; 32,222.4; 
30,879.8; 26,481.2; 23,706.5; 22,095.4; 21,404.9; 16,398.9; 
6,649.1; 6,009.7; 7,799.9 and 6,904.8 from Stations 1 to 12. 
The kinematic viscosity was adjusted based on the measured 
water temperature during the experiment. At Station 1, MJB1, 
Q2, the table gives: 

•V = 0.700 m/s 
•H = 0.042 m 
•v = 8.69 × 10⁻⁷ m²/s (at T ≈ 26.8 ℃) 
•Reh = 0.700×0.042

0.000000869
=  0.0294

8.69×10−7
= 33,833.5 

As shown in Table 3, all measurement stations exhibited 
turbulent flow under 𝑄𝑄2 , with 𝑅𝑅𝑒𝑒ℎ ranging from 6,009.7 to 



 

33,833.5 for MJB1 and from 8,311.3 to 24,972.4 for MJB2. In 
both configurations, the Re generally decreased from upstream 
to downstream stations, though local variations occurred, 
particularly in MJB2. The lower downstream values indicate a 
reduction in the relative influence of inertial forces along the 
measurement section. However, they remained above the 
adopted turbulent-flow threshold. 

 
Table 3. Distribution of the depth-based Reynolds number 

(Re) under Q2 
 

Station 𝑹𝑹𝒆𝒆𝒉𝒉(MJB1) Flow 
Regime 𝑹𝑹𝒆𝒆𝒉𝒉(MJB2) Flow 

Regime 
S1 33,833.5 Turbulent 22,824.2 Turbulent 
S2 32,222.4 Turbulent 23,898.3 Turbulent 
S3 30,879.8 Turbulent 24,972.4 Turbulent 
S4 26,481.2 Turbulent 20,714.4 Turbulent 
S5 23,706.5 Turbulent 21,404.9 Turbulent 
S6 22,095.4 Turbulent 19,781.0 Turbulent 
S7 21,404.9 Turbulent 19,781.0 Turbulent 
S8 16,398.9 Turbulent 20,570.6 Turbulent 
S9 6,649.1 Turbulent 8,311.3 Turbulent 

S10 6,009.7 Turbulent 8,822.8 Turbulent 
S11 7,799.9 Turbulent 10,996.5 Turbulent 
S12 6,904.8 Turbulent 10,229.3 Turbulent 

 

 
 

Figure 3. Longitudinal distribution of the depth-based 
Reynolds number (Re) at measurement stations S1-S12 for 

MJB1 and MJB2 under 𝑄𝑄2 
Note: The horizontal dashed lines indicate the adopted laminar (𝑅𝑅𝑒𝑒ℎ =
2000) and turbulent (𝑅𝑅𝑒𝑒ℎ = 4000) thresholds. All measured values are 

within the turbulent-flow regime. 
 
4.4 Froude number distribution and hydraulic 
interpretation 

 
The velocity profile shows a gradual decrease downstream 

due to energy dissipation, turbulent generation, and flow 
obstruction by the pier and the porous-net. The presence of the 
porous-net reduces near-bed velocity and redistributes the 
incoming flow momentum. The Fr distributions indicate that 
both configurations exhibited supercritical flow at stations S1–
S7 and subcritical flow at stations S8–S12, with the transition 
occurring between S7 and S8. MJB2 produced higher Fr than 
MJB1 at S1–S5, whereas MJB1 generally produced higher 
values farther downstream. These patterns indicate that MJB2 
redistributed the local hydraulic conditions along the 
measurement section rather than uniformly reducing the Fr. 
Figure 4 presents the longitudinal Fr distributions for MJB1 
and MJB2 under 𝑄𝑄2. 

The reduction in scour depth can be attributed to the 
disruption of coherent vortex structures. The porous-net 
introduces distributed resistance, dissipating kinetic energy 

and weakening the strength of horseshoe vortices. As a result, 
the near-bed shear stress decreases, limiting sediment 
entrainment capacity. 

 

 
 
Figure 4. Longitudinal distribution of the Froude number 
(Fr) at measurement stations S1-S12 for MJB1 and MJB2 

under 𝑄𝑄2 
 

4.5 Maximum scour depth 
 
The maximum scour depths obtained during the 

experiments are summarized in Table 4. 
The maximum scour-depth reduction of 83.36% was 

obtained for MJB2 under the higher tested discharge condition 
(𝑄𝑄2). Under this condition, MJB2 reduced the maximum scour 
depth from approximately 5.4 cm for the unprotected pier to 
0.9 cm. The experiment was conducted at the laboratory scale 
using a 0.05-m-diameter cylindrical pier, a flow depth of 0.15 
m, and uniform sediment with 𝑑𝑑50 = 0.80 mm and ρs = 2650 
kg·m-3. Consequently, the reported reduction reflects MJB2's 
relative performance under the investigated hydraulic, 
sediment, and geometric conditions and should not be 
interpreted as a universally applicable scour-reduction 
efficiency. Furthermore, all results of the calculation are 
visualized in Figure 5.  

 
Table 4. Scour depth under Q1 and Q2 

 

Model 
Scour Depth Under Q1 Scour Depth Under Q2 
Depth 
(cm) 

Reduction 
(%) 

Depth 
(cm) 

Reduction 
(%) 

MJB1 2.5 44.4 1.5 77.27 
MJB2 1.4 68.9 0.9 83.36 

 

 
 

Figure 5. Longitudinal scour-depth profiles (cm) for the 
unprotected pier, MJB1, and MJB2 under 𝑄𝑄2 



 

Based on the results in Table 4, the following is a 
calculation example, using the Q1-MJB1 data: 

 

44.4 =
𝑑𝑑𝑠𝑠,0,𝑄𝑄1 − 2.5

𝑑𝑑𝑠𝑠,0,𝑄𝑄1
× 100 

𝑑𝑑𝑠𝑠,0,𝑄𝑄1 = 4.5 𝑐𝑐𝑐𝑐 
 
Using the same baseline depth for MJB2: 
 

𝑅𝑅𝑠𝑠 =
4.5 − 1.4

4.5
× 100; = 68.9% 

 
The results demonstrate that porous-net provides an 

effective passive scour-protection mechanism around 
cylindrical bridge piers. Compared with traditional 
countermeasures such as riprap or collars, porous-net offers 
several advantages: reduced construction cost, flexible 
installation, effective turbulence attenuation, and significant 
scour-depth reduction (up to 83.36%). These findings indicate 
that porous-net could serve as a practical hydraulic control 
technique for bridge scour mitigation in river engineering 
applications. 
 
4.6 Bed elevation difference analysis 

 
To further quantify the spatial redistribution of sediment, 

the bed elevation difference between the initial and post-test 
conditions was analyzed. This approach provides insight into 
both erosion and deposition patterns, enabling a more 
comprehensive assessment of morphological changes beyond 
localized scour depths. 

Under baseline conditions, the bed elevation difference map 
shows a pronounced erosion zone concentrated at the upstream 
face of the pier, extending laterally due to the influence of the 
horseshoe vortex system. The maximum negative elevation 
values indicate intense sediment removal driven by strong 
downflow and accelerated near-bed velocities. Downstream of 
the pier, deposition zones are observed, corresponding to 
sediment transport and re-settling within the wake region. 
With the installation of porous-net, a significant modification 
of the bed morphology is observed. The erosion zone becomes 
less intense and more spatially confined, while deposition 
patterns are more evenly distributed. This indicates that the 
porous structure effectively reduces the energy available for 
sediment entrainment and promotes more stable sediment 
redistribution. The result is visualized in Figure 6. 
 

 
 

Figure 6. Bed-elevation difference maps under 𝑄𝑄2 with 
MJB1 relative to the unprotected pier and MJB2 relative to 

the unprotected pier 
 
The stronger morphological response of MJB2 can be 

related to its higher relative structural density and greater 
effective flow blockage. Its additional net elements divide the 
approaching flow into transmitted, lateral, and overtopping 

components, thereby redistributing momentum before the 
flow reaches the pier. This redistribution may reduce the 
concentration of near-bed forcing at the upstream pier base, 
where downflow and the horseshoe vortex system commonly 
initiate sediment entrainment. The smaller negative bed-
elevation region and broader positive elevation pattern 
observed for MJB2 are therefore consistent with reduced 
sediment removal and increased retention or redeposition 
within the protected region. However, because vorticity and 
bed shear stress were not directly measured, these processes 
are interpreted as physically plausible mechanisms rather than 
directly verified quantities. 
 
4.7 Quantitative scour volume reduction analysis 

 
To further quantify the effectiveness of porous-net 

configurations, the total scour volume was evaluated by 
integrating the bed elevation difference along the 
measurement section. 

The results clearly demonstrate that porous-net installation 
reduced scour volume under the investigated conditions, with 
the highest-density configuration (MJB2) achieving a 43.7% 
reduction. This indicates that enhanced flow resistance and the 
observed response are consistent with reduced sediment-
entrainment forcing, thereby limiting scour development. The 
results indicate that both porous-net configurations 
significantly reduce the total scour volume compared to the 
unprotected pier. The reinforced triangular configuration 
demonstrates the highest reduction, confirming its superior 
ability to dissipate flow energy and redistribute sediment 
transport. This volumetric analysis provides a more 
comprehensive metric than maximum scour depth alone, as it 
captures the overall morphological impact of scour mitigation 
measures across the entire interaction zone. The computed 
scour volume reduction for each configuration is presented in 
Figure 7. 
 

 
 

Figure 7. Total scour volume for the unprotected pier, MJB1, 
and MJB2 under 𝑄𝑄2 

 
The volumetric reduction supports the bed-elevation 

analysis by demonstrating that MJB2 reduced the overall 
sediment deficit rather than merely shifting the deepest scour 
location. Its reinforced porous arrangement provides 
distributed hydraulic resistance while retaining partial flow 
permeability. This combination may reduce the concentration 
of momentum near the pier without causing the abrupt flow 
separation associated with an impermeable barrier. 
Consequently, sediment-entrainment capacity is reduced in 
the protected region, while a larger proportion of mobilized 
sediment is retained or redeposited nearby. The agreement 
among lower maximum scour depth, reduced scour volume, 



 

and broader positive bed-elevation change provides 
complementary evidence of MJB2's superior mitigation 
performance. 

 
4.8 Area-based bed recovery assessment 

 
In addition to volumetric reduction, the spatial extent of bed 

recovery was evaluated using the percentage of positive 
elevation difference relative to the total measured area. 

The results indicate that increasing porous net density 
significantly enhances bed recovery performance. The MJB2 
configuration achieved an area recovery of 98.2%, 
approaching full restoration of the bed surface, confirming its 
effectiveness in attenuating near-bed flow energy and limiting 
sediment mobilization. The reinforced porous-net 
configuration exhibits the largest recovery area, indicating a 
more effective stabilization of the riverbed. The distribution of 
positive elevation zones confirms that sediment deposition is 
not limited to localized regions but extends across a broader 
area surrounding the pier. This metric highlights porous 
structures' ability to promote sediment retention and reduce 
erosion susceptibility across a wider spatial domain. The 
results are illustrated in Figure 8.  
 

 
 

Figure 8. Percentage of the evaluated bed area exhibiting 
positive elevation change for MJB1 and MJB2 relative to the 

unprotected-pier condition under 𝑄𝑄2 
 

4.9 Relative shear-stress interpretation 
 
The critical shear stress of the bed material, 𝜏𝜏𝑐𝑐. Sediment 

motion is initiated when: 
 

𝜏𝜏𝑏𝑏 > 𝜏𝜏𝑐𝑐 
 

Under comparable bed conditions, the applied shear stress 
can be conceptually related to the local velocity such as: 

 
𝜏𝜏𝑏𝑏 = 𝐶𝐶𝑓𝑓𝜌𝜌𝑉𝑉2 

 
where, 𝐶𝐶𝑓𝑓 is the bed-friction coefficient, 𝜌𝜌 is the water density, 
and 𝑉𝑉  is the local flow velocity. This relationship indicates 
that changes in velocity distribution can produce 
proportionally larger changes in the hydrodynamic force 
acting on the sediment bed. 

The porous-net configurations did not generate a uniform 
reduction in hydraulic intensity along the channel. Instead, 
they redistributed the approaching flow among the 
transmitted, lateral, and overtopping components. The higher 
relative structural density of MJB2 increased effective flow 
obstruction and modified the spatial distribution of momentum 

around the pier. This redistribution may have reduced the 
concentration of near-bed hydraulic forcing at the upstream 
pier base, where downflow and the horseshoe-vortex system 
commonly generate the highest sediment capacity. 

The morphological results support this interpretation. MJB2 
reduced maximum scour depth by 68.9% under Q1 and 83.36% 
under Q2, decreased total scour volume by 43.7%, and 
produced the largest area of positive bed-elevation change. 
The simultaneous reduction in maximum scour depth and total 
scour volume indicates that MJB2 limited both localized 
erosion and the overall sediment removal from the measured 
region. These responses are consistent with reduced or 
spatially redistributed bed-shear forcing. However, 𝜏𝜏𝑏𝑏 , 
vorticity, turbulent kinetic energy, and Re shear stress were not 
directly measured. Therefore, the proposed reduction and 
redistribution of bed shear stress should be interpreted as a 
physically supported explanation based on the measured 
hydraulic and morphological responses, rather than as direct 
experimental verification. Future studies using particle image 
velocimetry, acoustic Doppler velocimetry, or validated three-
dimensional numerical modelling are required to quantify 
these mechanisms directly. 
 
4.10 Comparison with previous studies 

 
Compared to conventional scour countermeasures such as 

collars and riprap, which primarily act as passive protective 
systems, the porous-net approach operates through active flow 
modification. This distinction highlights a shift from structural 
resistance to hydrodynamic control as the governing 
mitigation strategy. The present results therefore contribute to 
an emerging paradigm in scour mitigation, in which turbulent 
regulation and vortex suppression are prioritized over bed 
armoring. To strengthen the interpretation of the results, this 
study compared its findings with several previous studies that 
examined the use of porous or permeable structures for erosion 
mitigation, as presented in Table 5.  

Previous research has shown that porous structures can 
modify the flow rate distribution and reduce turbulent intensity 
around the structure. This condition causes a decrease in the 
base shear stress, thereby reducing the flow's ability to 
transport sediment. Our findings are consistent with the results 
of this study's experiment, which showed that the porous mesh 
significantly reduced the scour depth. The results indicate that 
the porous-net configuration influences hydraulic and 
morphological responses near the pier rather than bulk-flow 
energy. The suppression of coherent vortex systems reduces 
localized shear stress concentration at the pier base, the 
dominant mechanism controlling sediment entrainment. This 
indicates that scour mitigation is achieved through targeted 
hydrodynamic regulation rather than global flow reduction. 

The applicability of the findings is limited to the 
investigated laboratory conditions: steady flow, a rectangular 
flume, a cylindrical pier with 𝐷𝐷 = 0.05 m, a constant flow 
depth of 0.15 m, uniform sediment with 𝑑𝑑50 = 0.80 mm, and 
the tested discharge and porous-net configurations. The results 
demonstrate the relative performance of MJB1 and MJB2 
within this experimental domain but should not be interpreted 
as universal design values. Application to field-scale bridge 
piers requires consideration of hydraulic similarity, sediment 
gradation, flow unsteadiness, pier geometry, debris loading, 
net deformation, and long-term structural durability. 

The reinforced MJB2 configuration demonstrated effective 
scour mitigation under the investigated laboratory conditions; 



 

however, its field implementation would require further 
engineering evaluation. The system would need a stable 
anchorage arrangement capable of resisting drag, uplift, 
deformation, and cyclic loading without destabilizing the 
surrounding bed. Net durability may also be affected by 
abrasion, ultraviolet exposure, corrosion of supporting 
components, and repeated hydraulic loading. Floating debris, 
vegetation, and sediment could obstruct the mesh openings, 
alter the effective porosity, increase hydraulic forces, and 

reduce the intended flow-transmission performance. 
Therefore, periodic inspection, debris removal, and 
component replacement may be necessary. The present results 
establish the hydraulic potential of the porous-net concept but 
do not demonstrate its long-term durability or field-scale 
reliability. Further testing under unsteady flood flows, debris 
loading, heterogeneous sediments, and prolonged exposure is 
required before the system can be recommended for practical 
bridge-pier protection. 

 
Table 5. Comparison with previous studies on scour mitigation using porous structures 

 
Study Pier/Structure 

Dimensions 
Sediment 
Condition 

Porous Structure 
Characteristics 

Hydraulic 
Condition 

Main Quantitative 
Result 

[3] Emergent cylindrical 
structure; D = 0.10 m 

Uniform sand; 𝑑𝑑 =
1.0 mm 

Surface void ratio, P = 0, 
0.38, and 0.62 

Q = 0.038 m³/s;  
h = 0.14 m;  

V = 0.272 m/s;  
Fr = 0.23;  

Re = 38,000 

Increasing 𝑃𝑃 from 0.38 to 
0.62 reduced wake-

velocity attenuation by 
38% and decreased side 

bed shear stress; 
equilibrium maximum 

scour-depth reduction was 
not reported 

[7] 

Cylindrical pier with 
permeable collar; 
collar diameter, 
thickness, and 

installation height 
varied relative to 𝐷𝐷 

Clear-water scour;  
sediment incipient 
velocity = 0.349 

m/s; d50 should be 
taken from the full 

paper 

Permeable collar; optimum 
porosity P = 50%; optimum 

thickness T / D = 0.15 

ℎ = 0.20 m; other 
hydraulic 

parameters should 
be taken from the 

full paper 

Maximum scour-depth 
reduction of 78.1% at 𝑃𝑃 =

50%; reduction reached 
89.6% for the optimum 

collar thickness 

[27] 

Surface-piercing 
square monopile; 

attack angle α = 00–
600 

Live-bed sediment; 
𝑑𝑑50 not reported in 
accessible metadata 

Square porous monopile;  
P = 0 – 38.8%; 

streamwise and transverse 
porosity investigated 

Steady current; 𝑄𝑄, 
ℎ, 𝑉𝑉, and 𝐹𝐹𝐹𝐹not 

reported in 
accessible 
metadata 

Increasing streamwise 
porosity reduced the 

equilibrium scour depth 
by weakening the 

upstream horseshoe 
vortex; an exact 

percentage reduction was 
not reported in the abstract 

This 
study 

Cylindrical pier,  
D = 0.05 m; MJB1 

and MJB2 
dimensions 0.20 × 

0.20 × 0.10 m 

Uniform sediment; 
d50 = 0.80 mm; 
ρs = 2650 kg/m³ 

Flexible polymer net; 
nominal mesh opening 5 ×

5mm; MJB1: single 
triangular configuration; 

MJB2: reinforced triangular 
configuration. 

ℎ = 0.15 m; two 
steady-flow 

conditions, Q1 and 
Q2 

MJB1 reduced maximum 
scour depth by 44.4% 
under Q1 and 77.27% 

under Q2; MJB2 achieved 
reductions of 68.9% and 

83.36%, respectively 
 
 

5. CONCLUSION 
 
This study experimentally evaluated the effects of relative 

porous-net density on local scour around a cylindrical bridge 
pier under two steady-flow conditions. Both configurations 
reduced the maximum scour depth relative to the 
corresponding unprotected pier. The reinforced MJB2 
configuration achieved reductions of 68.9% under 𝑄𝑄1  and 
83.36% under 𝑄𝑄2 . The maximum reduction under 𝑄𝑄2 
corresponded to a decrease in scour depth from 5.4 cm for the 
unprotected pier to 0.9 cm for MJB2. It also reduced the total 
scour volume by 43.7% and produced the largest area of 
positive bed-elevation change. Collectively, these indicators 
show that MJB2 limited both localized scour and the overall 
sediment deficit within the evaluated bed area. 

The improved performance of MJB2 is associated with its 
higher relative structural density and greater effective flow 
obstruction. Its reinforced arrangement redistributed the 
approaching flow and may have reduced the concentration of 
near-bed hydraulic forcing at the pier base, thereby limiting 
sediment entrainment and promoting sediment retention or 
redeposition. However, vortex strength, turbulent intensity, 
and bed shear stress were not measured directly. 

Consequently, vortex modification and shear-stress 
redistribution should be interpreted as physically plausible 
mechanisms supported by the observed velocity and 
morphological responses rather than as directly verified 
processes. 

The maximum reduction of 83.36% was obtained 
specifically under the higher tested discharge condition (𝑄𝑄2) 
in a laboratory flume using uniform sediment with 𝑑𝑑50 = 0.80 
mm and particle density 𝜌𝜌𝑠𝑠 = 2650 kg m−3, a cylindrical pier 
with 𝐷𝐷 = 0.05 m, and a flow depth of 0.15 m. Therefore, the 
reported reduction reflects MJB2's relative performance under 
the investigated hydraulic, sediment, and geometric conditions 
and should not be interpreted as a universal design efficiency 
or directly extrapolated to field-scale bridge piers. Further 
research should evaluate the system under unsteady flood 
flows, heterogeneous sediments, different pier geometries, 
debris accumulation, net deformation, anchorage instability, 
material degradation, and prolonged hydraulic loading. Direct 
flow-field measurements and validated three-dimensional 
numerical modelling are also needed before the porous-net 
system can be recommended for practical field 
implementation. 
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NOMENCLATURE 
 
𝑄𝑄 discharge, m³/s 
𝑉𝑉 mean flow velocity, m/s 

ℎ flow depth, m 
𝐷𝐷 pier diameter, m 
𝜈𝜈 kinematic viscosity, m²/s 
Reh Reynolds number 
𝐹𝐹𝐹𝐹 Froude number 
𝑑𝑑𝑠𝑠,max maximum scour depth, m or cm 
𝑅𝑅𝑑𝑑 maximum scour-depth reduction, % 
𝑉𝑉𝑠𝑠 scour volume, m³ or cm³ 
𝑅𝑅𝑉𝑉 scour-volume reduction, % 
Δ𝑧𝑧 bed-elevation change, m or cm 
𝑅𝑅𝐴𝐴 positive bed-elevation area ratio, % 
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