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Local scour at a pile or pier in current or wave environments threats the safety of the upper structure all
over the world. The application of a net-like matt as a scour protection cover at the pile or pier was pro-
posed. The matt weakens and diffuses the flow in the local scour pit and thus reduces local scour while
enhances sediment deposition. Numerical simulations were carried out to investigate the flow at the pile
covered by the matt. The simulation results were used to optimize the thickness d; (2.6dgs ~ 17.9dgs) and
opening size d, (7.7dgs ~ 28.2dgs) of the matt. It was found that the matt significantly reduced the local
velocity and dissipated the vortex at the pile, substantially reduced the extent of local scour. The smaller
the opening size of the matt, the more effective was the flow diffusion at the bed, and smaller bed shear
stress was observed at the pile. For the flow conditions considered in this study, a matt with a relative
thickness of T = 7.7 and relative opening size of S = 7.7 could be effective in scour protection.

© 2023 Shanghai Jiaotong University. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Piles are typically used as the supporting pillar for bridges,
wharfs, offshore platforms, and offshore wind turbines. The piles
sit on the bed and their presence modify the flow patterns in the
immediate vicinity and may cause increased local sediment trans-
port and local scouring. Such scour could have adverse impact on
the stability of these piles. Due to large damages related to pile
scour failure in China [1-3] and elsewhere [4-6], the research on
possible protective measures for local scour at piles is of great sig-
nificance.

The literature about the fundaments of local scour at piles or
piers is extensive [3,7-11]. Local scour at pile is mainly caused by
three flow features: downflow in front of pile, horseshoe vortex
around pile and wake vortex at the lee of pile [12-14]. It is known
well that the strength of downflow needs to be weakened to re-
duce the local scour at pile [15,16].
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A scour protection measure should serve two goals [17]. The
first goal is to increase the erosion resistance of the sediment bed.
This is considered as a passive approach, usually achieved by plac-
ing a protective layer of coarse granular materials, riprap, or con-
crete blocks at the base of the pier [18-25]. The second goal is
to weaken the downflow and horseshoe vortex. This active ap-
proach, which is also termed as flow-altering countermeasure, is
usually achieved by placing an extended base plate, apron, sac-
rificial piles, or collar at or around the pile [26-30]. Engineering
practices have already shown that the passive approach, although
flexible and can be applied readily, often needs regular repair and
maintenance at the later stage. The active approach is usually ex-
pensive, has limited application, and is difficult to install. Tafaro-
jnoruz et al. [31] compared six different types of flow-altering
countermeasures (submerged vanes, bed sill, transverse sacrificial
piles, collar, threading, and pier slot) against pier scour and found
that some of these measures, despite having been recommended
as highly efficient in the literature, did not perform well under
different test conditions. The efficiency associated with bed sill,
submerged vanes, and threading was found to be lower than 20%,
whereas using collar, pier slot, and transverse sacrificial piles were
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Fig. 1. Protection matt over the scour pit.

found to reduce the maximum scour depth by approximately 35%
or lower.

Recently, a scour protection approach which produces increased
local resistance and sediment deposition has emerged. This ap-
proach uses bed protection devices and includes tetrahedral per-
meable frames [32], triangular structures [33], artificial grass [34],
and floating curtains [35]. This approach not only reduces bed
scour but also increases sediment deposition. However, the ap-
proach has certain shortcomings. For example, the triangular struc-
tures [33] and artificial plants [36] are not suitable for bed expe-
riencing high flow velocity. Furthermore, planting may be consid-
ered the invasion of foreign species [37], and the vegetation is also
limited by its own growth cycle and environment [38]. The float-
ing curtains are not suitable where there are changes in the flow
direction [36]. Hence, more effective countermeasures against local
scour at piles in rivers and oceans are still needed.

This study proposes the application of a net-like matt as a pro-
tection against local scour at pile. Such matt is in the form of a
flexible net with certain thickness, rigidity, and pore opening, and
is made of corrosion and UV-resistant polymers, such as HDPE
with a specific weight slightly larger than 1.0. The matt can be
placed to cover the potential scour pit location using a supporting
frame, and anchored with self-penetration torpedo anchors [39,40].
It is expected that the matt could significantly reduce the down-
flow and could also trap sediment particles at the openings. While
the matt does not reduce the approach flow strength and bedload
transport rate, the matt with its geometrical features, such as the
matt thickness and opening size, would significantly affect the flow
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field at the pile. In this study, numerical simulations were con-
ducted to investigate the flow characteristics at the net-like matt
structure placed over and fully covering the scour pit formed be-
low. The effects of the matt thickness and opening size on flow
velocity, turbulent kinetic energy, and bed shear stress inside the
scour pit were studied and discussed.

2. The hydrodynamic model

Figs. 1 and 2 show the matt and side view of the layout of
the matt, where the hy is the equilibrium scour depth at the pile
without the protection matt. The numerical model was set up to
include the upstream and downstream flat bed and flow bound-
aries, free surface, and fully developed scour pit. This was the base
model. Then, the scour protection matts of various thicknesses and
opening sizes were incorporated, and the flow field at the matt and
inside the scour pit were simulated. In this way, the changes in the
flow field and turbulence level within the pit could be obtained.

2.1. Governing equations of numerical model

Numerical simulations were conducted using commercial soft-
ware Flow-3D. The flow is described using the Reynolds-averaged
Navier-Stokes (RANS) equations and represents the conservation of
mass and momentum for an incompressible viscous fluid as fol-
lows:

Continuity equation:

ad

8_x,_(uiAi) =0 (1)
Momentum equation:

Ju; 1 ' 48u,~ _ 1 8p

in which, x; and x; are Cartesian coordinates; u; is the time-
averaged velocity component in x, y, and z directions, respectively;
p is the time-averaged pressure; A; is the area fraction of the fluid
in the i direction; t is the time; V¢ is the volume fraction of the
fluid part; p is the fluid density; G; is the gravitational accelera-
tion in the i direction; f; is the viscous force acceleration in the i
direction.

Following Gumgum and Guney the RNG «-¢ turbulence model
was used in this study to simulate the flow around and inside the
scour pit [41]. In the model, the x equation and & equation are,
respectively:
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Scour pit without protective matt

Fig. 2. Local scour pit of pile below the protection matt.

296



M. Zhang, H. Zhao, D. Zhao et al.

24.0

Journal of Ocean Engineering and Science 10 (2025) 295-307

)

~

=1
yo
|
I

150

(a) Simulation domain of the numerical model

(b) Pile in pre-molded scour pit

Fig. 3. Layout of pile and pre-molded scour pit in the numerical model (unit in cm).

Table 1

Numerical test conditions; pile diameter, D = 5 cm; flow depth, h = 20 cm; approach velocity, v, = 38 cm/s.

Relative opening size

Relative thickness

Scour depth,

Runs S=d;/dgs T=d; /dgs hy (cm)
1 00 0 6.0
2 7.7 7.7 6.0
3 12.8 2.6 6.0
4 12.8 7.7 6.0
5 12.8 12.8 6.0
6 12.8 17.9 6.0
7 17.9 7.7 6.0
8 23.1 7.7 6.0
9 28.2 7.7 6.0
d(pe)  d(peu;) ] e . € g2 1.8 mm x 1.8 mm x 1.8 mm as shown in Figs. 4 and 5. The to-
—a— =g XU+ m) 7 | +Ce 76k — pCoe - tal number of cells was about 2.66 million. To ensure the stability
ot 0x; 0x; 0x; k k

(4)

where « is the turbulent kinetic energy; ¢ is the turbulent energy

dissipation rate; wu is the dynamic viscosity; wu: is the turbulent

dynamic viscosity, and G, is the turbulent kinetic energy gener-

n(=35)

Cor = T
du;

+50). 1o =4377, B=
1

ated by the time-averaged velocity gradient, o=
ou;
Cor =142, 1 = (2B;-Ey)'/* £ Eyj = 21,

0.012, C,, = 1.68

2.2. Layout of numerical model

In the numerical model, the reported scour pit measured dur-
ing the flume experiments in Zhao et al. (2022) [42] was applied
for the numerical model. The pile diameter was 5 cm. The maxi-
mum scour depth in front of the pile was 6 cm and the depth at
the lee of the pile was 4 cm (Fig. 3). The depth-averaged approach
velocity and water depth were 0.38 m/s and 0.20 m, respectively.
The pore openings of the matt were square, and the relative open-
ing size S = d,, [dgs was 7.7, 12.8, 17.9, 23.1, and 28.2, respectively,
where d, is the opening size of the matt and dgs is the grain di-
ameter of the sediments in Zhao et al. (2022) such that 95% of
diameters are finer. The relative matt thickness T = d; [dg5 was
2.56, 7.7, 12.8, and 17.9, respectively, where d; is the thickness of
the matt. The conditions used for the numerical simulations are
listed in Table 1. The numerical domain was reduced to 1.50 m
(L) x 0.50 m (W) x 0.24 m (H) to save on computational resources.

2.3. Mesh generation and boundary conditions

Structured orthogonal mesh was adopted for mesh genera-
tion, and different sizes of mesh were tested to obtain a con-
vergent solution [43,44]. The size of the mesh was initially
set to be 8 mm x 8 mm x 8 mm. To accurately capture
the geometry and the hydrodynamics features around the matt
opening and the scour pit, the mesh size was reduced to
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of the calculation, the starting time step was set to 0.01 s, and the
minimum time step was set to 10~8 s. The dimensionless coordi-
nate along the flow direction is defined as X = x/L, the dimension-
less coordinate of the lateral axis is defined as Y=y/W, and the
dimensionless coordinate perpendicular to the bed is defined as
Z=1z/h.

At the upstream boundary, the inflow velocity was specified,
and a pressure boundary condition was applied for the down-
stream and top boundaries to achieve a uniform flow. At the bed,
pile, and matt, a no-slip boundary condition was applied. The side-
wall boundaries were set as symmetry boundary conditions, where
no fluid is exchanged and no energy transfers through.

2.4. Model validation

With the matt covering the scour pit, the flow field inside the
scour pit is not available. Thus, only the experimental results of
depth-average flow velocity near the pile and over the matt re-
ported in Zhao [45] were used to validate the numerical model.
The comparisons of the measured and simulated data are shown
in Figs. 6 and 7, where the subscript S represents the simulated
data, the subscript M represents the measured data, L; is the lon-
gitudinal extent and L, is the transverse extent. It is noted that
the numerical model accurately simulated the velocity distribution
in front of and at the lee of the pile along the streamwise direc-
tion, but slightly over predicted the velocity at the side of the pile.
The relative errors between the numerical simulation and labora-
tory experiment were less than 10%. The error might be related to
the symmetry boundary applied at the sides of the simulation do-
main.

3. Results and analysis
3.1. Effects of protection matt on the hydrodynamics in the scour pit

(1) Effects on the flow velocity in the scour pit
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(b) Matt structure covered on pre-molded pit

Fig. 4. Matt structure and its layout in the flume.
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Fig. 5. Mesh of the numerical model.
(a) 1.2 T T (b) 14
—L-S 3
1.0 = LM 12 |
0.8 b 1.0
I ] NP
N 0.6 N 0.8 —
04 - 06
0.2 - E 04}
0.0 . L - L L 02 1 1 1 1
0.3 0.4 0.5 0.6 0.7 00 01 02 03 04 05
X Y

Fig. 6. Comparison of the simulated (Run 1) and experimental results for the depth-average velocity at the center line of the (a) streamwise direction and (b) transverse

direction.
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Fig. 7. Comparison of the simulated (Run 2) and experimental results for the depth-average flow velocity over the matt at the center line of the (a) streamwise direction

and (b) transverse direction.
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Flow Velocity/Approach Velocity
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Fig. 8. Distribution of flow velocity on the x-z plane (Y = 0.5) (a) Run 1 without and (b) Run 2 with the protection matt.
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Fig. 9. Distribution of flow velocity on the y-z plane (X = 0.5) (a) Run 1 without and (b) Run 2 with the protection matt.
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Fig. 10. Distribution of flow velocity on the x-y plane (Z = 0.175) (a) Run 1 without and (b) Run 2 with the protection matt.

Figs. 8-10 show a comparison of the velocity distribution at the One may also observe that, with the matt, the flow velocity in
pile with and without the matt (Runs 1 and 2). The matt had sig- the scour pit at the side of the pile decreased by 300% (from more
nificantly reduced the magnitude of flow velocity in the scour pit. than 0.8v4 to lower than 0.3v,), and that at the lee of the pile re-
Without the matt, the downwelling flow converged with the ap- duced to almost 0 m/s (Fig. 10). In other words, the flow became

proaching flow in front of the pile forming a vortex near the pile relatively stagnant, and the wake vortex disappeared.
(Figs. 8 and 9). The downwelling flow was blocked by the matt

and the near-bed horseshoe vortices with relatively high velocity (2) Effects on the turbulent kinetic energy in the scour pit
(~ 0.3y, ~ 0.5v, in front of the pile and 0.5v, ~ 1.1v, at the pile
side) created large recirculation zones with low velocity (less than Local scour is caused by the eroding forces of flow acting on

0.1vg in front of the pile and 0.3y, at the pile side) for almost 80% the erodible bed in the vicinity of the pile. Besides the mean flow
and 70% of the scour pit area in front of and at the side of the  features, turbulence fluctuation also exerts a strong influence dur-
pile, respectively. Such recirculation zones might lead to trapping  ing the scouring process. Here, the turbulent kinetic energy in the
and deposition of sediment around the pile. scour pit was analyzed as this parameter is relevant to the sedi-
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Turbulent Kinetic Energy (J/kg)
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Fig. 11. Distribution of turbulent kinetic energy on the x-z plane (Y = 0.5) (a) without and (b) with the protection matt.
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Fig. 12. Distribution of turbulent kinetic energy on the y-z plane (X = 0.5) (a) without and (b) with the protection matt.
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Fig. 13. Distribution of turbulent kinetic energy on the x-z plane (Z = 0.175) (a) without and (b) with the protection matt.

ment entrainment, transport, and deposition. The turbulent kinetic
energy k is described as follows:

(6)” + (V)" + (W)

2

k= (5)

where (u;)z, (v;)z, and (w;)2 are the mean square values of the
longitudinal, transverse, and vertical fluctuating velocity compo-
nents, respectively.

Figs. 11-13 show the comparison of the turbulent kinetic en-
ergy distribution on the x-z, y-z, and x-y planes around the pile
with and without the protection matt, respectively. Clearly, the
matt significantly weakened the kinetic energy inside the scour
pit. Fig. 11 shows the turbulent kinetic energy on the x-z plane
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(Y = 0.5) with and without the matt. Without the matt, the core
regions of the turbulences in front of the pile were located close
to the bottom of the scour pit where the turbulent kinetic energies
were larger than 2.0 x 1073 J/kg, and the k-value was particularly
large behind the pile. With the matt, the k-value in the scour pit
at the lee of the pile was greatly reduced to about 2 x 1074 J/kg
which was an order of magnitude lower than that without the
matt. The core region of the turbulences in front of the pile had
moved to the position below the matt nearer to the pile. The near
bed k-value was about 6 x 10~4 J/kg which was 70% lower com-
pared with the case without the matt. The effect of flow turbu-
lence at the bottom of the scour pit would be small. The distri-
bution of the turbulence kinetic energy in the y-z plane and x-y
plane are presented in Figs. 12 and 13, respectively. These figures



M. Zhang, H. Zhao, D. Zhao et al.

Journal of Ocean Engineering and Science 10 (2025) 295-307

Flow Velocity/Approach Velocity
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Fig. 14. Distribution of flow velocity on the x-z plane (Y = 0.5) for various T-values.

Flow Velocity/Approach Velocity

SRR

Fig. 15. Distribution of flow velocity on the y-z plane (X = 0.5) for various T-values.

show that the k-value in the scour pit at the pile side was reduced
by more than 50% with the matt cover. This observation indicated
that without the protection matt, the flow energy was expended in
scouring the bed and finally dissipated at the bottom of the scour
pit, and the turbulences at the bottom were violent. With the pro-
tection matt, however, the flow energy was mainly dissipated at
the matt, and the turbulence near the bed surface in the scour
pit was very much weaker in comparison. Thus, one may conclude
that significant scour under the matt would not be observed.

3.2. Effects of matt thickness on the hydrodynamics in the scour pit

Theoretically, as the matt thickness increases, the structural
strength, cost as well as the corresponding flow diffusion should
be larger. However, the matt thickness also affects the formation
of secondary scour under the matt. Thus, matt thickness should be
optimized. The following discussions are based on Run 1 (without
matt) and Run 3, 4, 5, and 6 (with matt for various thicknesses)
where the relative opening size S was held constant at 12.8 to an-
alyze the influence of the matt thickness on the flow patterns in
the scour pit.

(1) Effects of matt thickness on the flow velocity in the scour pit

Figs. 14 and 15 show the velocity distribution on the x-z plane
(Y = 0.5) and y-z plane (X = 0.5) with the matt for various rela-
tive thicknesses T = 0 (without the matt), 2.6, 7.7, 12.8, and 17.9,
respectively. The longitudinal and transversal distribution of veloc-
ity in the scour pit (Z = 0.2, 2/3 of the scour pit depth from its
bottom) are shown in Figs. 16 and 17, respectively.

As the matt thickness increased, the velocity in the scour pit
decreased. For T = 2.6, the flow velocity near the bottom surface
of the matt in front of the pile was larger than 0.5v, which was
at least 4 times higher than that for T = 7.7, 12.8, and 17.9. Near
the upper surface of the matt, the velocity at the lee of the pile for
T = 2.6 was still larger than 0.5v, which was close to that without
the matt. The flow velocity for T = 7.7, 12.8, and 17.9 decreased
dramatically by 75% and which was less than 0.1v, (Fig. 14), in-
dicating that the sediment may be prone to be deposited at the
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lee of the pile. The difference in velocity between the cases with
T = 12.8 and 17.9 was small (Fig. 15).

The matt significantly reduced the horizontal velocity in the
scour pit in front of and at the side of the pile (Figs. 16 and 17).
Compared with the case without protection matt (Run 1), when
the scour pit was covered by the protection matt with T = 7.7 (Run
4), the horizontal velocity in the scour pit in front of the pile de-
creased from 0.3y, (without matt) to almost 0 (with matt), and
that at the side of pile decreased by 75% (from 0.5v, to 0.1v,).
However, the matt appeared to have little effect on the vertical
velocity at the front and side of the pile but showed a relatively
larger effect on the vertical velocity at the lee of the pile. With-
out the matt (Run 1), the direction of vertical flow velocity u, in
front of the pile and at the lee of the pile was downward, and the
largest u, in front of the pile was 0.6v,. For T = 7.7 (Run 4), the
largest u, in front of the pile was decreased by 34% to 0.4v,, and
that at the lee of the pile was close to 0 (Fig. 16(b)).

(2) Effects of matt thickness on the turbulent kinetic energy in the
scour pit

In terms of turbulent Kinetic energy, the matt with various
thicknesses had a different degree of shadowing effects (Figs. 18
and 19). Above the matt, the horizontal turbulent zone appeared
close to the upper surface of the matt in front of the pile, and the
zone gradually increased as T increased (Fig. 18). In the scour pit,
the turbulent kinetic energy at the lee of the pile decreased as T
increased (Fig. 18). However, in front of and at the sides of the pile
(Figs. 18 and 19), the turbulent kinetic energy for T = 2.6 was even
larger than that without the matt. As T increased, the vortex at
the side of the pile gradually disappeared. For T = 7.7 (Run 4), the
near bed turbulent kinetic energy in front of the pile was the least
and decreased by more than 75%, and that at the side of the pile
decreased by about 50% which showed little difference from those
for T = 12.8 and T = 17.9, respectively.

(3) Effects of matt thickness on the bed shear stress on the scour
pit bottom
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Fig. 16. Longitudinal distribution of (a) horizontal and (b) vertical velocity (Z = 0.2) for with various T-values.
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Fig. 17. Transversal distribution of the (a) horizontal and (b) vertical velocity (Z = 0.2) for various T-values.
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Fig. 18. Distribution of turbulent kinetic energy on the x-z plane (Y = 0.5) for different T.
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Fig. 19. Distribution of turbulent kinetic energy on the y-z plane (X ) for different T.
The protective effect of matt on local scour was investigated by The relative bed shear stresses (t/ty, where 7 is the local bed
analyzing the bed shear stress in the scour pit. Eight representa- shear stress with the matt, and ty is that without the matt) at

tive locations at various locations of the scour pit were selected those 8 locations varied with T (Fig. 21). At location p;, T was
(Fig. 20), in which, py, py, and ps; were located in front of the weakened to the largest extent compared to p, and ps, which
pile along the longitudinal section; p4 and ps were located at the showed only 3% ~ 17% of 1, and T had little effect on 7. At lo-
lee of the pile; ps, p7, and pg were located at the side of the cation p,, T was higher than 7y, but T was very small. At location
pile. p3, T was lower than 7, and it was largest to the greatest extent
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Fig. 20. Point locations for bed shear stress measurement in the scour pit.
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Fig. 21. 7/7) at selected point locations in the scour pit for various T.

for T = 7.7, being only 19% of . At locations p4 and ps, T was re-
duced by more than 50% with the matt, and the effect of T on the
bed shear stress was no longer significant for T > 7.7. At locations
ps and p7, t-values were all less than 7y and were the least for
T = 7.7. At location pg, T decreased with T, which was 16% ~ 37%
of 7.

Through the analysis of bed shear stress at the various locations
in front of, at the lee, and the side of the pile, one may conclude
that the matt thickness has a significant influence on the bed shear
stress in the scour pit. In general, when the scour pit was cov-
ered by the matt with T = 7.7, the bed shear stress in the scour
pit would be the least, which was 7~25% of the corresponding tp-
values without the matt.

By considering the changes of velocity, turbulent kinetic energy,
and bed shear stress in the scour pit under the protection matt
with various thicknesses, one may conclude that the velocity, tur-
bulent kinetic energy, and bed shear stress in the scour pit were
significantly reduced when T = 7.7. Therefore, the matt thickness
was set as 7.7dgs in the subsequent evaluation of the matt open-
ing size.

3.3. Effects of matt opening size on the hydrodynamics in the scour
pit

The matt opening size would directly affect the through flow
characteristics of the matt, and in turn affect the sediment active
process in the scour pit. To further explore the effect of the open-
ing size on the hydrodynamics in the scour pit, various matt open-
ing sizes were considered, namely S = oo (without the matt), 7.7,
12.8, 17.9, 23.1, and 28.2 (Run 2, 4, and 7~9), respectively, while T
was held constant at 7.7.

(1) Effects of matt opening size on the flow velocity in the scour
pit

It can be seen from Fig. 22 that the matt with S =
7.7~23.1 significantly reduced the flow velocity in the scour pit,
and that the overall velocity was less than 0.3v,. However, when S
was increased to 28.2, the matt protection appeared less effective
as the downflow velocity in the scour pit was larger than 0.7v.
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For S = 7.7, the overall flow velocity in the scour pit was the least.
Quantitively, it can be seen from Figs. 23 and 24 that the near bed
(Z = 0.2) horizontal velocity uy in the scour pit around the pile de-
creased significantly under the matt. The uy-value in front of and
at the lee of the pile decreased to almost 0, and the largest value
of uy at the side of the pile decreased by about 52%, when the
relative opening size was S = 7.7 (Run 2). The weakening of the
vertical velocity u, around the pile was not obvious.

(2) Effects of matt opening size on turbulent kinetic energy in the
scour pit

Figs. 25 and 26 show the turbulent kinetic energy distribution
on the x-z plane (Y = 0.5) and y-z plane (X = 0.5), respectively,
with the matt with S = oo, 7.7, 12.8, 17.9, 23.1, and 28.2. It can be
seen from Fig. 25 that the turbulent kinetic energy in the scour pit
behind the pile was significantly reduced for any finite S-value, and
the near bed turbulent kinetic energy in front of the pile decreased
as S decreased. For S = 28.2, the value of the near bed turbulent
kinetic energy was about 1.9 x 103 J/kg which was close to that
without the matt (2 x 10~3 J/kg), indicating that the opening size
S = 28.2 was too large and had a negligible effect on the flow.
The core turbulent region in the scour pit at the side of the pile
expanded and near the bed the turbulent kinetic energy increased
by 400% as S increased from 7.7 to 28.2 (Fig. 26). Within the range
of the opening size in the present study, the smaller the opening
size, the weaker the turbulence near the bed surface in the scour
pit.

(3) Effects of matt opening size on bed shear stress on the scour
pit bottom

The results of the bed shear stress () at locations p;-pg in
the scour pit under the matt with various opening sizes are listed
in Table 2. It can be seen from Fig. 27 that S shows a signifi-
cant influence on 7 around the pile, especially at the side of the
pile (p4 and ps). At p;, T was weakened to the largest extent
compared to p, and ps, which were 3% ~ 21% of 75; and t in-
creased with S. At p,, T was higher than ty except for S = 7.7.
At ps, S showed little effect on the relative bed shear stress, and
T was 18%~34% of tg. At ps and ps, the t-value in the scour
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Fig. 22. Distribution of flow velocity on the x-z plane (Y = 0.5) for various S.
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Fig. 23. Longitudinal distribution of the (a) horizontal and (b) vertical velocity (Z = 0.2) for various S.
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Fig. 24. Transversal distribution of the (a) horizontal and (b) vertical velocity (Z = 0.2) for various S.
Table 2
Bed shear stresses in the scour pit for matt with different S.
T (Pa)
S
b1 b2 p3 P4 Ps Ps b7 Ps
7.7 0.006 0.036 0.007 0.011 0.028 0.014 0.034 0.041
12.8 0.015 0.065 0.006 0.035 0.047 0.014 0.036 0.049
17.9 0.018 0.073 0.007 0.050 0.059 0.035 0.035 0.038
23.1 0.016 0.069 0.006 0.052 0.069 0.033 0.033 0.065
28.2 0.044 0.083 0.011 0.045 0.071 0.044 0.040 0.041
00 0.210 0.050 0.030 0.160 0.190 0.080 0.160 0.220
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Fig. 25. Distribution of the turbulent kinetic energy on the x-z plane (Y = 0.5) for various S.
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pit was only 7%~37% of 7y under the matt, and T was the least
for S = 7.7. At pg, p7, and pg, T was the least for S = 7.7, for
which t/75 was 0.19~0.21. As can be seen in Fig. 27(c), the flow
blocking effect of the matt was weaker as S was larger than 17.9,
as T/ty at pg increased sharply to more than 0.4 and continued
to increase sharply. To sum up, the smaller the opening size of
the matt, the better the weakening effect on the velocity in the

1X107

=
=
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-
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.

Fig. 26. Distribution of the turbulent kinetic energy on the y-z plane (X = 0.5) for various S.

scour pit, and the weaker the scour ability of the flow around the
pile.

According to Zhang and Yu [46], for fine sediments, the criti-
cal bed shear stress could be as low as 0.11 Pa and increases with
the increased grain size. Meanwhile, the critical bed shear stress
of cohesive sediments depends on the fluidization degree of sedi-
ments, which could be as large as 1.00 Pa and as low as 0.045 Pa.
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Fig. 27. ©/19 at selected point locations in the scour pit for various S.

The higher the fluidization degree, the smaller the critical bed
shear stress, and the easier the sediments would be eroded. In the
present study, the bed shear stresses at those eight points were
all lower than 0.041 Pa (Table 2) for S = 7.7, which means that
the bed sediments in the scour pit protected by the matt would
not be eroded even if the bed was fully fluidized. Accordingly, one
may conclude that the matt with the S = 7.7 and T = 7.7 could
be effective in weakening the hydrodynamics forces in the scour
pit and the bed sediments in the scour pit would be protected and
not eroded.

4. Discussion

This study considered using a net-like protection matt to re-
duce the extent of local scour at the pile while enhances sediment
deposition in the scour pit. The matt may be placed on the bed
during the pile installation or immediately after the pile installa-
tion. The matt can significantly weaken the flow strength in the
scour pit and reduce the sediment carrying capacity of the flow,
so that the local scour at the pile is presumably reduced and the
sediment near the pile may be prone to be deposited under the
protection of the matt. It is worth noting that the opening size of
the matt is very important, and the optimal opening size may vary
with flow or sediment conditions. Compared to other values of S
in this study, S = 7.7 was effective in weakening the flow velocity
and hydrodynamics forces in the scour pit. However, the ability of
the incoming sediments to fall through the matt openings into the
scour pit is constrained by such opening size. A large matt open-
ing may lead to sediments to fall through easily. Since the process
of the sediment passing through the matt openings is too com-
plicated to be simulated so far, laboratory experiments should be
further carried out to investigate the effectiveness of the matt to
reduce the scour and enhance the sediment deposition at the pile.
This part will be presented in a future study.

Compared with the past scour protection methods, using the
matt poses certain advantages, such as good flow sheltering effects
and increased potential sediment deposition. The matt could also
be prefabricated on land. However, the matt requires strong and
stable anchors at the edges, and a buoyant force to suspend the
matt over the scour pit. As the scour pit may be wide, then the
span of the matt could be large. Then, the density of the matt ma-
terial should be as low as possible to reduce the structural weight
(submerged weight) under the premise of ensuring the safety of
the structure. Ideally, the density of the matt may be close to the
water density. On the other hand, it would be difficult to install a
large piece of light matt on the scour pit around the pile in the
deep-water field due to the disturbances of currents and waves.
The structural frames and matt boards may be designed for case
by case in engineering practices also considering the financial ef-
fort, and the installation and anchorage technologies need further
focused study.
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5. Conclusions

In this study, the application of a net-like protection matt
against local scour at piles was presented. FLOW-3D software was
used to numerically investigate the flow velocity, turbulent kinetic
energy, and bed shear stress at the pile in uniform steady currents
with and without the matt over the scour pit. The influence of the
matt thickness and opening size on the flow at the pile was dis-
cussed. The conclusions are as follows:

The matt does not change the approach flow velocity and sed-
iment transport ability characteristics beyond the extent of the
matt, but significantly reduces the flow velocity inside the scour
pit and below the matt. In front of the pile, the downflow passes
through the matt and its strength is significantly decreased. The
extent of the horseshoe vortex at the pile side and wake vortex at
the lee of the pile were both reduced. Instead, large recirculation
zones with low flow velocity are observed in front of and at the
side of the pile. Such recirculation zones might lead to sediment
deposition around the pile.

The matt thickness affects the flow patterns in the scour pit.
The velocity, turbulent kinetic energy, and bed shear stress in the
scour pit are both reduced significantly for a dimensionless thick-
ness T = 7.7. For a dimensionless thickness T lower than 7.7, the
effect of matt thickness on hydrodynamics and scour was negligi-
ble.

The opening size of the matt also affects the flow patterns in
the scour pit. The smaller the opening size, the weaker the flow in
the scour pit. The matt with S = 7.7 had a great effect in reducing
the flow velocity, turbulent kinetic energy, and bed shear stress in
the scour pit. However, a large opening may lead sediment to fall
through that may be beneficial to the sediment deposition in the
scour pit. The optimal matt opening size for the local scour reduc-
tion and sediment deposition needs to be further studied through
laboratory experiments.
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