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Abstract

The behavior of river flow patterns on the condition of the pier
dimensions can affect the geomorphology conditions of the river,
namely the unbalanced local scouring between sediment transport and
sediment supply so that it will affect the strength of the pier. This study
aims to study the effect of pier dimensions on scour depth and channel
base changes in the pier area. The method of observation was carried out
by simulations using Nays2DH with the same parameters for each test
of each dimension with discharge (Q) = 0.5 m’/s, sediment diameter
(D50) = 0.35 mm, channel width (B) = 5 m, channel length (L) = 25 m,
slope (i) = 0.005 and drainage time (t) = 7200 s. The simulation results
show the basic scour pattern of the channel which has the smallest value,
the diamond type pier. Degradation - Basic channel agitation on
diamond type piers, showing a pattern that tends to be evenly distributed
compared to semi rounded, rectangle, or octagonal types. Period (t) 7200
s downstream of the pier, semi rounded type scours change <0.3 m,
rectangle type scours changes <0.4 m, octagonal type scours changes
<0.4 m, and diamond type scours changes <0.2 m. So the dimensions of
the diamond type are more effective in reducing the depth of scour.
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Introduction

Scouring is a phenomenon that occurs
in building structures in watersheds due to
obstructed flow so that the speed is blocked
and changes in flow patterns. Scour is
accountable for about 50%-60% bridge
failure (Chaudhuri et al., 2020; Khan et al.,
2016; Topczewski et al., 2016; Ulfah et al,,
2023; Zaid et al., 2019). The scour will
increase with the change in river geometry
(Brandimarte et al., 2012). Scour is divided
into three types, namely general scouring in
the river channel which is generally not
related to the building of the river, local
scouring in the river which occurs due to the
narrowing of the centralized river flow, and
local scouring around the building due to the
pattern of local flow around building. The
change in flow on the surface is the beginning
of the scour phenomenon due to the
displacement of the speed and direction of
the flow so that the bottom sediment
granules come transported and cause scour
widening (Duarte et al., 2019). The pier is
part of a building construction that serves to
hold the load stretch between two abutments
and forward it to the basic foundation . Pier
is a structure that provides vertical support to
the irrigation structure, i.e. siphon (Gartina &
Roestaman, 2015). The condition of the piers
in the flow of the river in its planning always
pays attention to the strength and security of
the dimensions. A recent study conducted by
Abed & Majeed (2020 and Maritzl et al.
(2023), showed that the grinding of
rectangular piers with pier-shaped ends was
larger than the circular, where the smallest
scouring occurred at the ends of triangles.

Publications and studies related to
scouring on pier abutments have been carried
out (Yen et al., 2001) carried out Large Eddy
Simulations to simulate the flow field and bed
evolution around bridge piers. Lam et al.
(2008) studied two- and three-dimensional
(3-D) numerical simulations of cross-flow
around four cylinders in an in-line square
configuration are performed using a finite-
volume method. Man et al. (2019) did
assessment of turbulence model adopted
with the parameters of the Melville
experiment to estimate the maximum scour-
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depth was performed. Purnomo et al. (2017)
where the simulation results on 2 models the
greater the simulation discharge given, the
vertical wall gives deeper scouring than the
semi-end-circular. Cambodia (2020) and
Widia Khairinnisa Rustawa & Setio Budianto
(2020) studied of the maximum scour on the
bridge pillars was carried out using the HEC-
RAS software. Research on the shape of the
piers was carried out by Yunar (2000) the
research emphasizes more on the blinds and
piers of the rounded rectangular shape where
the lowest relative maximum local scour
depth is achieved by the TIR2A1 piers with
a reduction value of 68.64% at the time of
base subsidence. Research into the
effectiveness of vertical wall and semi-end-
circular bridge abutments with different
discharge variations shows that the semi-end-
circular model can effectively reduce scour
into laboratory-scale research conducted by
Ariyanto (2010) on the three pier forms of
discharge  verification. The  potential
techniques also showed by Bento et al
(2018), which used Kinect sensor and close-
range photogrammetry for semi rounded
shape scour modelling that most common
used in Portugal. Previous studies have been
researched to investigate the flow pattern and
scouring by modelling software (Ali et al.,
2017; Kadono et al., 2020; Lee et al., 2019).
Therefore, it is of utmost importance to
consider different types of pier shapes and
determine the most suitable pier geometry in
terms of reducing scour (Al-Shukur & Obeid,
2016; Melville, 1997; Murtaza et al., 2018;
Torok et al., 2017).

This process will continue and scour
holes will develop as time goes by, reaching a
maximum  depth. Sediment transport
increases with increasing sediment shear
stress, scouring occurs when changes in flow
conditions cause an increase in shear stress at
the bottom (Pudyono, 2013). The influence
of flow velocity will be more dominant
(U/Uc) so that it causes the outflow and
entry of elementary particles into the scour
hole, but the depth remains constant, in a
balanced depth the maximum depth will be
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greater than the average in the scour (Sucipto,
2011).

Research Methodology

This research is an experimental study
in the form of a simulation with the
Nays2DH assistance program (Habib &
Nassar, 2019; Ilham & Sufrianto, 2022;
Shimizu et al, 2014). Simulation test
parameters performed take the condition of
the channel where the parameters entered are
the same parameters for each test each
dimension with a discharge (Q)= 0.5 m3/s,
sediment diameter (D50)=0.35 mm, channel
width (B)= 5 m, n-manning = 0.020 (earth
channel type, straight, clean, uniform)
channel length (I)= 25 m, slope (i) = 0.005

oH | 9(hu)
at ox

d(uh) n d(hu?) n 9 (huv) - _

at ox ay

a(wh) |, d(huv) | d(w?) _
at + ax + ay

Where h is water depth, t is time, u is
velocity in x direction, v is velocity in y
direction, g is gravitational acceleration, H is
water depth, t is shear stress, and F is
dragging force caused by vegetation.

Research Results and Discussion

The results of the simulation analysis
carried out there is an influence between the
flow velocity and the local scouring around
the pier with the variations in the dimensions
of the running pier. The parameters of the
pier. dimensions are very influential on the
local scouring around the piers and their flow
patterns so that with the change in flow
velocity that is different, the forces acting to
transport the sediment grains are also
different. The strength of the downflow
undoubtedly affects the scour of the pier.
However, scour depth 1is pier shape-
dependent (Carnacina et al., 2019). The scour
depth in water flow declined due to a
reduction in the strength of the downflow
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and flow time (t)= 7200 s. Analysis of the
behavior of flow patterns and scour based on
variations in the shape of the pliar consists of
four types namely: Semi-rounded, rectangle,
octagonal, diamond type piers where each
size 1s made to resemble a length 3.6 meter,
width 1.1 meter.

The generation of the Nays2DH
model passes through few steps, pre-
processing, solver, and post-processing.
Running modelling takes time depending on
computer ability and the number of grids.
The density grid used in this simulation
di=0.20 meters and dj=0.20 meters.

Below is continuity equation used by
Nays 2DH solver in orthogonal coordinate
(Wardana & Budiman, 2021).

0 M

DY+ )

—ghM—M+D"+%" (3)

p

(Omara et al.,, 2022; Saleh Pallu & Arsyad
Thaha dan Farouk Maricar, 2014; Syarifudin
& Sartika, 2019).

Velocity and Flow Pattern

1. Semi rounded
The velocity in the semi rounded form,
in piece A, the flow velocity in the
upstream of the pier is at 0.5 m/s and
Fr = 0.4 (subcritical), the height of the
flow is at 0.22 m. In section B the flow
velocity is at 0.35 m/s and Fr = 0.05
(subcritical), the height of the flow is at
0.2 m. C-section shows the condition
of flow velocity of 0.7 m/s with Fr =
0.4 (subcritical), the height of the flow
is at 0.35 m.

2. Rectangle
The velocity in the rectangle, in piece
A, the flow velocity slowly decreases at
0.4 m/s, Fr = 0.3 (subcritical) the
height of the flow is at 0.32 m. In
section B the flow velocity is at 0.375
m/s and Fr = 0.05 (subcritical) the



flow height is at 0.3 m. The location of

C-section of the flow is at 0.5 m/s and

Fr <0.32, the height of the flow is at

0.25 m.

3. Diamond

The velocity in the diamond shape, in

section A the flow velocity is at 0.3 m

/ s and Fr = 0.2 (subctitical) the flow

height is at 0.32 m. At location B the

flow velocity is 0.3 m/s and Fr = 0.05

(subcritical) the flow height is at 0.3 m.

At C-section the flow velocity is 0.4

m/s and Fr = 0.5, the flow height is 0.3

m.

4. Octagonal

The speed on the octagonal shape, in

piece A, the flow velocity is at 0.6 m/s

and Fr = 0.65 (subcritical) the flow

height is at 0.28 m. Cut B flow velocity
is at 0.3 m/s and Fr = 0.05 (subcritical)
flow height is at 0.3 m. At C-section the

flow velocity is 0.7 m/s and Fr = 0.75

(subcritical) and the flow height is 0.3

m.

The flow pattern in Figure 1 showed
that the semi rounded shape forms a curved
direction line parallel to the side that is
blocking the flow, then turns slightly conical
downstream of the pier to form the same S
curve on both sides but tends to be dense
towards the left side of the flow, if overlayed
with the flow velocity informed in Figure 2,
at this shape the velocity flow at maximum
conditions. Previous study by Muhsen &
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Khassaf (2023), semi rounded was more
scoured 10.8% than lenticular shape. In the
rectangle, the flow forms an unbalanced line
upstream of the pier and tends to flow tightly
to the left of the pier, then cone downstream
of the pier and tends to be dense in the right
direction of the flow, if overlayed with the
flow velocity in this form the flow velocity is
at a maximum but not as high semi rounded.
In the form of diamond flow forming a
conical triangle pattern on the side that
blocks the flow, then forming a cone forming
an S curve which tends to be rather wide and
not narrowing like the previous two, when
overlayed by the speed function, the speed is
distributed on the right and left sides of the
flow. In the octagonal shape, the flow facing
upstream is divided wider than the previous
three and the maximum speed is
characterized by the density of the flow, then
tends to cone rather meet at the downstream
of the pier but not as close as the previous
third. Based on the simulation results, it
appears that the diamond and octagonal
shapes produce a similar flow pattern, but the
diamond shape is more consistent, this also
has discussed in previous study that shape is
nature geometry which can decrease the
energy of the horse shoe vortex (Shariyar,
2021). The octagonal is denser on the left and
right sides of the channel where these
conditions give more consideration to the
safety of the left and right cross section of the
flow.

Velocity(ms-1) (magnitude)
0.0000.1370.2730.4100,5460.6830.8190.956

{1 I
5 O O i
0 0 9 P Y P Y | ek

Velocity(ms-1) (magnitude)
0.0000.112 0.2250.337 0.4490.562 0.6740.786

@)

(b)

Study of Pier Dimension ...— 307
Muhardiono, Iman



Jurnal Pensil : Pendidikan Teknik Sipil

Velocity(ms-1) (magnitude)
0.0000.104 0.209 0.313 0.417 0.522 0.626 0.730

Velocity(ms-1) (magnitude)
0.000 0.128 0.255 0.383 0.511 0.638 0.766 0.894

©

Figure 1.  Flow speed (m/s) in period (t) = 7200 s (a = semi rounded, b = rectangle, c

C)

diamond, d = octagonal)

©

(d)

Figure 2. Flow patterns in period (t) = 7200 s (a = semi rounded, b = rectangle, ¢ =
diamond, d = octagonal)

Bed Elevation

Complex interactions and feedbacks
between the turbulent flow and the sediment
bed give rise to these organized dynamic
sedimentary patterns at the interface. In
general, bed forms exhibit a remarkable
dynamics and a wide range of time and length
scales, with multiple structures traveling at
different speeds, and merging events that
give shape to the interface between water and
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sediment (Escauriaza & Sotiropoulos, 2011).
The transport of sediment particles from the
vicinity of the pier is done by saltation,
traction and suspension (Gazi & Afzal, 2020).
1. Semi rounded
Changes in channel elevation in the
semi rounded shape upstream facing
the direction of the flow occur scours
as deep as 0.33 m, then in the
downstream di-rection of the flow
tendency as the flow pattern forms a



triangular cone, maxi-mum deposition
occurs, but at the confluence of two
streams forming an S curve the
deposition occurs again AH = 0.33 into
0.42 m.

2. Rectangle
Changes in elevation in the form of a
rectangle seen in the upstream of the
pier facing the flow where scours occur
as deep as 0.29 m, then in the
downstream direction of the flow
deposition tendency occurs in small
scattered spots and do not have a long
deposition pattern.

3. Diamond
Changes in the elevation of the
diamond shape upstream of the pier
scours occur in 0.13 m, then in the
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downstream  direction where the
tendency to form a cone but the
deposition pattern is formed quite a lot
of spots and lengths where AH = 0.06
into 0.45 m.
4. Octagonal

Changes in the elevation of the
octagonal shape in the upper part of
the pier scours in 0.37 m then in the
downstream direction on the right and
left sides forming a deposition pattern
similar to AH = 0.07 into 0.371 m, and
spread out with spots that tend not to
be long where if you look at the flow
pattern that cones downstream in the
middle there is a scour as deep as 0.67
m. Furthermore, the simulations
results are showed in Figure 3.

ElevationChange(m)

0629 0482 0325 0190 00432 0.103 0249 0.396

EEEE

ElevationChange(m)

0582 043 0290 0144 000229 0148 0295 044

oo
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(b)

ElevationChange(m)
-0.907 0.713 0.519 0.324 0.130 0.0637 0.258 0.452

—d

ElevationChange(m)
D676 0526 0.377 0.227 D077700718 0221 0371

©
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Figure 3. Change in elevation (m) (t) = 7200 s (a = semi rounded, b = rectangle, ¢ =
diamond, d = octagonal)

Conclusion

The conclusion obtained from this
study, Flow velocity in the downstream of the
semi-rounded pier forms increased to 0.7
m/s, rectangle 0.5 m/s, diamond 0.4 m/s,

octagonal 0.7 m/s. The faster the flow
velocity, the more particles are carried and
the potential for scour holes is greater so that
the diamond shape is the form with the
lowest potential scour rate compared to other
forms. The flow pattern in the semi rounded
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shape forms a curved angle parallel to the
side of the part that obstructs the pier, in the
form of the rectangle the flow forms an
unbalanced angle line from the direction of
flow which tends to be dense on the right
side, in the diamond shape the pattern forms
a flatter triangular angle on the octagonal
shape flow patterns form a wider angle than
others. The diamond shape shows a more
consistent flow pattern than the other shapes,
where the non-round shape in fact gives a
sharper angle to the incoming flow and
reduces the horseshoe vortex force. The
depth of the scour elevation in the channel of
each form semi rounded, rectangle, diamond,
octagonal, in the upstream of the pier facing
the direction of the flow of each 0.33 meters;
0.29 meters; 0.13 meters; 0.37 meters. These
results indicate the diamond shape has a
lowest depth of scour compared to other
forms.
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