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Abstract

The aim of the study is to determine the structure for energy absorption in order to countermeasure the scouring on the
bridge abutment. Consider a porous structure for energy absorption, which can reduce flow velocity and depth of scouring
due to its porosity. The energy absorber plate demonstrated in triangular shape with several porous as submerged barrier.
The investigation was conducted in laboratory and placed the abutment in the middle of the channel with a distance of
3Lb, 5Lb, 7Lb and 9Lb. The plate area consists of 0% (MP1), 5% (MP2), and 10% (MP3). The scour depth measurement
(ds) is carried out at 6 crucial points in the abutment area. Comparisons between experimental measurements and a
numerical prediction model are presented. The experimental results show that the percentage of frictional velocity in the
inhibition area for each pore opening before the obstacle, 31.42% (decreasing), - 9.27% (increasing), and -32.92%
(increasing), respectively. Furthermore, the optimum position of the porous energy absorber at 9Lb to the abutment. The
magnitude decreases of scour depth obtained from MP2. It can be concluded that the placement of energy absorbers can
lead to damping forces. It also found that the porous structures could be beneficial for motion damping and absorber of the
scouring.
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1. Introduction

Erosion is one of the river’s phenomena that occurs along the channel, which provides an overview of the scouring
process and sediment deposition [1]. Scouring is defined as the erosion of a riverbed (vertical scour) or riverbanks
(lateral scour) by flowing water. Scour can occur gradually or episodically during floods. Factors that control scour are
the river flow, the characteristics of the riverbed and riverbank sediments, and the capacity of the river to transport
sediments. This is a natural phenomenon caused by the rate of sediment transfer in the area exceeding the upstream
sediment rate. This occurs when the flow velocity in the channel exceeds the velocity at which the base material moves.

In addition, changes in flow patterns are due to the morphology and obstacles that cross the river, such as bridge
pillars and abutments, river groves, and sluice gates. They are followed by the local scour around the building [2]. When
the flow is separated by immovable obstructions (buildings) in the riverbed area, it will increase scour and sedimentation
from the acceleration and deceleration of the flow around the obstacle. Fan et al. (2021) studied porous materials and
found that filling them with polymer foams improved energy absorption and shock resistance [3]. Although the porous
materials were improved when compressed under densification, strain energy is almost as dynamic. Previous studies have
been conducted to countermeasure the scouring [4-9]. Mackay et al. (2021) stated that the scour is not confined to the
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structure; the strength and durability of the structure get into it [8]. Furthermore, Shahsavari et al. (2021) found that the
scouring will cause problems when the subsidence of the riverbed causes instability or failure of structures located on
or close to the river [5].

Several studies have been investigated the scouring by using model and make an approach simulation to the energy
absorption [9, 10]. While, the structure that is generally located on the river is a bridge. Statistical surveys conducted on
the investigation of the reasons for bridge failure imply that most of the bridges have failed due to excessive scouring
of infrastructure elements during floods [3]. Otherwise, most of the studies often calculated the phenomenon by using a
linear wave variable using curtain model as an obstacle to distributed the velocity. The “curtain” model only distributed
statically, therefore it is need to conducted a new freshly design for the energy absorber. Subsequently, the most
important thing is the combination between statics and dynamics into approaching method to obtain the effective,
optimum, and efficient results. In these approaches, the flow through the openings in the porous surface is not modelled
explicitly, but is parameterized in terms of a pressure drop as a function of flow velocity, with either a linear or quadratic
pressure—velocity relation. Therefore, the effect of the energy damper’s distance on the depth of scour of the bridge
abutments are important. Consequently, this study aims to obtain the relationship between flow velocity parameters and
scour depth due to the presence of porosity structure of an energy damper.

2. Literature Review
2.1. The Scouring Mechanisms around The Abutment

Scouring can occur in bridges if its structure affects the balance between water and the stability of the base material
channel. If the bridge has one or more piers that are stream, or if the water level reaches one or both abutments, the
structure will affect the flow pattern of the river [8]. The first effect is to reduce the width of the river at the site the
bridge is located. For certain flows, this reduction in width will resulted in a rise in the water level upstream of the bridge
and increased speed at opening. If this increase in speed causes displacement or movement of the channel bed material,
then the bottom surface of the channel around the bridge will decrease. Decrease The bottom surface of this channel is
known as general scour. The influence degree of background current and wave on the scour is obtained by comparing
the scour hole profile [11]. This statement was highlighted and described in Figure 1. The live- bed occurs when the
scour hole is continuously supplied with sediment by approaching stream.
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Time-averaged equilibrium Equilibrium scour depth
scour depth in live bed scour in clear water scour
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Figure 1. Correlation between scour depth (clear water and live bed scour) with time [12]

Figure 1 shows that there is a good correlation between scour depth and time. It can be seen that the graph clearly
assumed that the length of duration influenced the equilibrium scour depth in clear water scour [12]. Time variation of
clear-water scour and live-bed scour shown schematically. They may suffer serious threats from long time scour process
during constructions and operations. Time factor is crucial to predict this long duration process. However, time factor
are mostly proposed for single pile and pipeline, limiting the application effectiveness in pile groups [5, 13]. They focus
on scour under threshold velocity intensity and cannot be directly applied in live bed condition.

In rivers with a floodplain, abutment scour becomes much more complex [3]. The Abutment scour is by far more
complex than its counterpart associated with piers because of the possibility of the presence of a floodplain.
Notwithstanding this, the mechanism of scour at both piers and abutments is very similar; moreover, the failure
mechanisms associated with both armoring and flow-altering countermeasures are not very different. The second effect
of the interaction between the bridge and the water flow is local disturbance to the flow. This can cause flow acceleration
through the bridge piers and increase turbulence, which can result in a decrease in the bottom surface of the channel to
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a level that can interfere with the structure of the bridge. The descent of the bottom of this channel is known as local
scour [13]. Based on the sediment transport model by the flow approaching, grouping local scour into two categories,
namely clear-water scour and live-bed scour. In cases where the abutment ends at or near to the floodplain, it can initiate
bank erosion, which clearly is an important erosion problem that is quite distinct from the customary scour at either an
abutment in rivers without a floodplain or a pier. For this reason, abutment scour can be very site-specific while pier-
scour is more generic in nature. To this end, the ability to identify the type of abutment scour that may form in a particular
channel is closely related to an engineer’s ability to propose devices for effective scour countermeasure [14-16]. Clear
water scour occurs without sediment transport by the oncoming stream flows into the scour hole.

2.2. The Structure of Energy Absorber on The Bridge Abutment

According to Hassan et al. (2020) [17], the scour depth depends on several variables, namely fluid characteristics,
base material, flow in the channel and the shape of the pillars or bridge abutments which can be written:

ds = f(p'ﬁ'g' dm'psv DO: U:Lb) (1)
where p is fluid mass density, 9 is fluid kinematic viscosity, g is acceleration due to gravity, d,, is sediment grain
diameter, p, is sediment mass density, D, is flow depth, U is average flow velocity, L, is abutment width. The equation
is made dimensionless, then the equation becomes:

__f(uLb U? Do dm) )

9 ng Lb Lp
Due to the characteristics of the flow that passes through the barriers will be difficult to analyze, the empirical
approach needs to be taken into account by determining the distribution of flow velocity in the inner region and outer
region. In the base region, the speed is controlled by the frictional velocity by obtaining the relationship between u and
u*, so the equation becomes:
l* = %lny +c 3)

u

where u is velocity in the x direction; u* is swipe speed; k is von-karman number; C is constant of integration. The
actual velocity distribution can be expressed by the empirical equation:

1

u@ _ (i)@ 4)
Unm D
w2 =exp |6, (572)"] ©

where u (z) is average speed z distance from the base; U,,, is Maximum flow rate; D,,, is High limit of maximum speed
(z = Dm); B, is the value of the energy coefficient in the vertical direction; v is the energy momentum coefficient, and
v is a value based on the measurement results following an exponential function whose variable is a logarithmic basis.
For the outer region, it is controlled by the frictional speed that occurs between the water table boundaries.

The scour control method generally uses riprap, which is placing rocks into the most potential scour holes. Graf
(1998) in Dargahi (1990) stated that riprap is the most effective protection to control scour holes by piling rock into the
scour with a width of 2-3b and a thickness of 3d [1]. The use of vegetation on the canal bank around the abutment seems
well known. The results of the investigation stated that the scour depth can be reduced by 39% compared to cliffs without
vegetation [2]. According to Reinaldi (2001), flexible vegetation affects the lift (Cd) and friction (Cf) of the flow velocity
[4]. The researcher suggests that (Cd) and (Cf) values are not constant at different depths and vegetative densities. The
addition of roughness in the bridge structural elements with variations and combinations of roughness such as the
installation of the abutment wall is 0.23 L, giving an artificial groove where the results state that more than 25% of the
local scour of the abutment will be reduced and the combination of collar plate installation and manufacture coarse
grooves will reduce local scour by 83% [10, 12, 18].

In addition, Wilson et al., (2022) conducted a study in the form of using poles that were installed upstream of the
abutment and showed that the maximum pile position at the foot of the bank would reduce scour by 26.58% [15]. It was
shown that the obstacle causes the distribution of turbulent kinetic energy of the flow to be modified significantly such
that at its downstream the turbulent intensity profiles appears to have a non-uniform distribution over height. Also it was
shown that the turbulent kinetic energy has larger magnitude at obstacle’s downstream. In addition, in the presence of
the obstacle the variation of the local Froude number seems to be more significant over the height at its downstream
which is compatible with the changes in turbulent kinetic energy. Moreover, it was quantitatively confirmed that in the
absence of the obstacle, as the inlet Froude number increase as from subcritical to the supercritical flow, the turbulent
intensities along the channel seem to increase.

3. Research Methodology

The experimental work was conducted at Hidrology Laboratory, Universitas Hasanuddin, Gowa, South Sulawesi,
Indonesia. The material used as the base sampling is uniform sand taken from the Jeneberang River, Gowa, South
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Sulawesi, Indonesia. The coordinate of sampling site is 05° 10' 00"- 05° 26' 00" S and 119° 23' 50"-119° 56' 10" E. The
data collection and design modelling for the energy absorber during the investigation process. The schematic of an open
channel is shown in Figure 2.

10000 BT

SAMUDRA PASIFIK

SAMUDRA HINDIA

nnnnnnn

X2=3.95
X1=3.90 | X;=4.00
.. | |
I
Lo
|
|

MO0 1

o
KK

S e X =10.00
v
J

(b)

Figure 2. (a) Sand sampling location in Jeneberang River, South Sulawesi, Indonesia; (b) The Schematic of an open channel

Figure 2 explain that the flow energy will be damped by the frictional resistance of the channel horizontally. If the
obstacle placed at the bottom of the channel, it can cause a speed reduction but will increase the direction flowability
[19-24]. Therefore, the schematic will lead to design an efficient energy absorber model to inhibit the flow velocity. A
porous structure energy absorber is applied to be obstacle. It was design in a triangular plate shape with various pores
as shown in Figure 3.

Figure 3 explain the way to measure depth and velocity in description. The plate was placed at 0.6D from the average
water level which is + 10.90 cm from the bottom of the channel. The height of plate is 6.00 cm with a pore variation to
the plate area are 0% (MP1), 5% (MP2), and 10% (MP3), respectively. They are placed at a distance of x = 4.00 m from
the inlet with 24h flow velocity readings. Furthermore, the distance can be changed to x1 = 3.50; x2 = 3.90 m; x3 =3.95
m; x4 = 4.00 m; x5 = 4.25 m; x6 = 4.50 m; x7 =5.00 m, and x8 = 5.50 m at the base slope. The channel is open in the
upstream boundary conditions approximately 11.00 cm and downstream boundary conditions is 8.00 cm. For measuring
flow velocity using ADV and scouring depth with a point gauge. The flow chart of the experimental works is shown in
Figure 4.
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Figure 3. (a) Model of Porous energy dam-break; (b) Wing wall abutment bridge type; (c) and (d) 2D electromagnetic
current meter; (e) and (f) Point gauge measurement
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4. Result and Discussions
4.1. The Distribution of Velocity Flow Pattern in the Porous Structure of an Energy Damper

The results of the division of the velocity area ratio and velocity distribution (Uz) based on the area whose
measurements were made in the middle of the span (X = 3.75 m and X = 4.25 for MP1) can be seen in Table 1 and the
distribution results for each porous barrier are in Figure 5. Table 1 as a sample of measurement (MP1) which is simply
shows the way to measure the flow distribution based on regional division. It also measures the flow pattern inner and
outer region. This result in line with the previous study which explained that the velocity area will have 2 main regions,
they are inner and outer region [21, 24, 25]. The inner and outer region have equation to measure, they are Equations 4
and 5.

Table 1. Distribution of flow velocity based on area division

MP 1 Velocity Area
PZtI;)::n X=3.75 Sv204 Sv304 Inner region Outer region v,
z D u #/Pm T B=Sma IV (2 unUm= exp(-p, M T,
u(z)/Um = (m) @)/ p(—B> H—Hm)

050 11.20 20.02 0.167 7.282 0.782 0.782  25.958
VA 1.00 11.20 21.92 0.333 9.104 0.886 0.886 29.426
E 150 11.20 27.38 0.500 16.881 0.960 0.960 31.864
200 11.20 2931 0.667 19.636 0.980 0.980 32.522
Z-Dm 3.00 11.20 33.20 1.000  0.000 25.442 1.000 1.000 1.000 33.200
4.00 11.20 18.86 0.139 1 0.217 0.970 0.970 32.214
500 11.20 36.18 0.323 0.688 0.801 0.801 26.591
z-Dp, 600 1120 2055 0.577 0.186 0.898 0.898 29.819
D=Dm 700 1120 36.18 0.952 0.466 0.641 0641 21.297
8.00 11.20 23.63 1.563 0.152 0.789 0.789  26.202
9.00 1120 2237 2.727 0.093 0.775 0.775 25.740
Average U 26.33 28.62

Figure 5 shows that the velocity distribution that occurs in the channel before passing through the obstacle will
experience an increase in the water level (D) from 9.50 cm to 10.90 cm and result in a decrease in the flow velocity in
the bottom area of the channel. This can be seen in Figure 5-b, the inner region experiences a gentle curve (a) at a
distance of x = 3.75 m and decreases at the bottom and indicates the average value of slowing speed. It can also be seen
in Figure 5-c that the distance x = 4.25 (after passing the plate) is 25.00 cm from the plate axle, a reverse momentum
occurs, the flow velocity increases and a hydraulic jump occurs, resulting in an increase in the value of and the flow
velocity (U) will start experience a momentary increase to the surface of the flow so that turbulent flow is created in the
outer region. As can be seen that MP2 is an effective direction to get an optimum flow distribution using obstacles.
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Figure 4. (a) Velocity distribution at obstacle; (b) Stream velocity distribution (U) before obstacle; (c) Stream velocity
distribution (U) after obstacle

Figure 6 shows that the change in frictional velocity (u*) that occurs will be inversely proportional to the constant
of integration (C). The value of the frictional velocity (u*) will enlarge to the value of the frictional velocity under
normal conditions (u*L) so that the flow will slow down (MP1) in the upstream area of the obstacle, this is because the
resistance will restrain the flow rate which indicates the ability of the flow to require greater energy to back to normal
flow. However, due to the pore openings (MP2 and MP3), the flow in the upstream area slowly increases along with the
pore openings, indicated by the value of the frictional velocity (u*) will decrease which indicates that due to the presence
of pore openings, the flow velocity will increase. This condition is inversely proportional to when the flow passes
through the obstacle, where the flow will momentarily increase the flow rate, but when it moves away from the obstacle,
the flow will return to normal conditions. In Addition, if x < 4.00 m (MP1), experiencing a change in friction velocity
(u*) will increase by an average of 31% (friction speed (u*p) decreases), whereas if x > 4.00 m, after the flow passes
through the obstacle to the friction speed value will decrease (friction speed (u*p) increases) by an average of 37%. M.
Kordaneij et al., (2017) stated that the obstacles will be a spam in the river area when placed properly [25]. However,
the frictional velocity trend shown for the pore opening model shows that the flow before passing through the obstacle
will decrease with the percentage of pore openings in the model. Likewise, when the flow passes through the barriers in
the MP1 and MP3 models, the percentage of flow velocity increases significantly, namely 37% and 43%, while in the
MP2 model the smallest increase in flow velocity is 25%. It can be concluded that the porosity affected the frictional
velocity as well as flow distribution both in longitudinal or transversal.
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Figure 5. The effect of the porous energy absorber structure on the distribution of a) u*/u*L and b) C/CL with x/P in the
longitudinal direction

4.2. The Flow Characteristics and Scour Pattern in The Abutment

The analysis shows the comparison of the frictional velocity value under normal conditions (u*) with the critical
shear velocity (u,,) in the inner region where u* < u,,, then it can be said that the basic grain does not move. The
average speed under normal conditions (U*) is smaller than the average critical speed (U,.) or U < U, SO it can be
concluded that the scour that occurs in the area around the abutment is a clear water scour. The flow characteristics are
shown in Table 2. The Fr value both in Critical and Normal Depth is 0.2 and categorized as fulfilling the requirements
[3, 8, 14, 16].

Table 2. The Flow Characteristics

Critical Depth (Dcr = 9,50 cm) Normal Depth (Do = 10.90 cm)

Notation  Unit Value Notation Unit Value
Q m3/s 0.010 Q md/s 0.010
Ucr m/s 0.297 U m/s 0.242
Fr ¢) 0.271 Fr ) 0.218
Uscr cm/s 2.626 u* cm/s 2.132
c ) 7.979 c () 10.427

The transported sediment will be carried by high flow velocities until the sediment is deposited. Figure 7 shows
that the aggradation occurs in the downstream right to the abutment. It will stop if flow conditions return back to
normal. With regards to the utilization of obstacles for flow velocity control, some investigations have been
performed in the literature. For example, Oehy & Schleiss (2007) examined the placement of an obstacle before a
reservoir to control the sedimentation [16]. Their findings show that scouring could be affected well by appropriately
designed constructive measures. Meiburg & Kneller [26] reviewed some studies on the structure and scouring
phenomena, saying that when sediment gravity flows face with the topography which is not completely flat, the
topography influences deposition significantly. Therefore, it is also important to reveal how such barriers affect the
absorber structure of the flow since the scouring could influence the deposition behavior (e.g., Sediment
Resuspension) [27]. As this effect has been explored very systematically, and also capable of measuring the
instantaneous velocity at each point with and without protection.
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Figure 7. (a) Scour pattern in unprotected abutments; and (b) Flow velocity distribution profile in clear water scour conditions

In the downstream (side) abutment, the flow velocity tends to be slow and rotating (vortex), but the energy generated
is not large so that the scour that occurs tends to be deposited locally and there will be aggradation around the
downstream of the abutment. Maximum scour depth that occurs in clear water conditions the scour for unprotected
wingwall abutments is at point 3, while at point 6 there is a tendency for silting to occur as shown in Figure 8, in the
form of depth of scour development based on time.

i Arah aliran |

-0.6

LA
.
wr
ds /Lb

0.0 02 04 06 0.8 10
t/t tot

0’0’0’0’3::‘0’0*0’0’0’0‘0’4’0’0’?‘&2&
i S ) (b)

Figure 6. (a) Scour depth review point and (b) Relationship (t/t total) with (ds/Lb) clear water scour conditions at 6 (six)
observation points

4.3. The Flow Characteristics and Scour Patterns in Bridge Abutments with Protection

The flow characteristics and scour patterns is important to calculated the optimum distance between absorber and
the abutment axle. As the beginning of the research on the depth of scour in the abutment, primarily conducted simulation
to reduce the scour depth before protection and get the most optimum scour depth. Figure 9 described the flow pattern
and the depth reduction caused by the patterns. To obtain the optimum distance, observations were made at the maximum
time, namely the occurrence of the scour regime at the 3 (three) observation points in the abutments.
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Figure 7. (a) Velocity distribution profile in abutments due to MP1 resistance and (b) Graph of reduction in scour depth due
to resistance to distance at the deepest point (Point 3)

The flow pattern that occurs around the abutment is due to the flow velocity created by the energy absorber structure
at a distance of 3Lb to 9Lb (Figures 10). The turbulent flow that occurs momentarily through the obstacle will lift the
bottom sediment and the sediment will be deposited not far from the structure area which in turn causes the flow velocity
to decrease and tend to have the same magnitude at the front of the abutment. At the downstream side (next to the
abutment) there will be a vortex (turbulent) flow but it has a small energy which causes aggradation. The protection
(barriers) placed at each distance will contribute to the depth of scour around the energy absorber structure and
degradation downstream of the abutment, in addition, degradation also occurs downstream of the barrier structure due
to pore holes in the structure. Porous materials are often used in marine structures to dissipate wave energy and reduce
wave heights around a structure [7]. The flow through the porous surface is subject to both viscous drag and turbulent
dissipation of energy. It is assumed that the wakes are quickly homogenized into the flow within a short distance of the
porous surface. However, the flow velocity formed after passing through the damper structure will affect the depth of

scour that occurs around the abutment.
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Figure 8. The scour pattern at each protection distance with clear water scour conditions
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Reynolds and Froude relationship shows two variables which from experimental data show a non-linear trend. Non-
linear regression is generally based on a function (mean value) which is assumed to be nonlinear with indefinite
coefficients that will be calculated from observational data, so the non-linear regression equation becomes:

E(Y/x)=a+ f In(x) @)
As for the results of the calculation of multiple non-linear regression, then the equation is obtained:

ds _ -5(ULp) _ Uz
% = 3.836 +3.978.10 (52) - 65.698 (g Lb) ®)
Figure 11 shows 2 (two) flow characteristics that affect the scour depth and has almost the same graph. The Reynolds
number that occurs slightly dominates the flow around the abutment, this can be seen from the trendline trend that is up
and describes the turbulent level in the abutment area, where the greater the Reynolds and Froude values, the greater the
depth of scour that occurs in the abutment.
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Figure 9. Relationship of flow velocity (U) due to porous SPE to relative scour depth in clear water scour conditions

Figure 11 explained the relationship between flow velocity and scouring depth. The variables that influence the wave
reflection are the depth of the water, the height, and the length of the wave. The scouring absorber that has the smallest
reflection coefficient is the MP2. It is a model in which the energy absorber was placed at the optimum distance is 9Lb
and due to the structure of the energy absorber, which has many porous on its surface. The diagonal line in the graph
represents a composite of the results, with and without obstacles. As can be seen, the direction of the arrow points close
to MP2. It is due to the distance of the obstacle placement and the porous structures. Subsequently, the most effective
model that can reduce the scour in the abutment is MP2. It is evident from the previous gap that the triangular porous
structure is a proper model to design such an energy absorber in the river. The MP2 produces an optimal result due to
the placement of the obstacle and the abutment distance. It is also strengthening that most of the former curtain model,
which was placed near the embankment, is not effective in the flow distribution analysis. It is suggested to use triangular
porous energy absorbers to effectively decrease the depth of scouring near the abutment. As a conclusion, the porous
structure of an energy absorber will lead to a decrease in the depth of scouring at the bridge abutment.

5. Conclusion

The simulation validates the variation effects of the porous structure energy absorber (MP1, MP2, and MP3) on flow
velocity before passing through the obstacle. The results show that the flow velocities obtained are 31.42% (decreasing),
- 9.27% (increasing) and -32.92% (increasing), respectively. While the flow velocity after passing through the obstacle
will experience a significant increase in the mean flow velocity which is gained up to -37.80%, - 25.00 and -43,
respectively. It can be said that the porous structure of an energy absorber will properly work depending on the flow
velocity, contact area (A), the width of the abutment, and gravity. The optimum position of the porous energy absorber
is at 9Lb to the abutment. The magnitude decreases of scour depth obtained from MP2. It can be concluded that the
placement of energy absorbers can lead to damping forces. It also found that the porous structures could be beneficial
for motion damping and absorber of the scouring.
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