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Abstract. The purpose of this research is to know the river bed change and scour
that occurs around bridge pier of Palu I. The method used in this research is
simulation using HEC-RAS software. This simulation is done with river
topography and geometric bridge as geometric input, average discharge as
upstream input and bed slope as downstream input and sediment as bed gradation
input. Based on simulation result, scour around the pier of Palu I bridge at the
maximum discharge condition Q =423,110 m3 / sec obtained by scour depth value
equal to 1,91 m, average discharge Q = 83,659 m3 / sec obtained by scour depth
value equal to 1,38 m and the minimum discharge Q = 9,190 m3 / sec obtained by
scour depth value equal to 0,92 m. While the change in river bed on the long
profile around the bridge Palu I bridge have a elevation increased from 2015 to
2017. The calculation of flow velocity and critical velocity shows a comparison
of w/ucr > 1, indicating that the scour occurring around the bridge pier is
accompanied by sediment transport from the bed material (live-bed scour).
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1 Introduction

The condition of the Palu River has a wide cross-section, especially in the location of
the meandering river and passes through which is the connection of the trans Sulawesi
road. The construction of bridge pier can affect the natural flow conditions of the river.
The flow that occurs in the river usually occurs in the process of scour of sediment
transportation. With the existence of bridge pier, the river flow has barriers so that there
is a change in flow pattern and results in scouring around the bridge piers. The process
of scouring that is formed due to the existence of a building, is called local scouring.
This happens because of the influence of morphology. The influence of river
morphology can be in the form of bends, narrowing of river flows, or buildings on river
channels. Local scour around the bridge pier is the most common factor that leads to
partial or complete failure of hydraulic structures by undermining the bridge foundation
[1].

The Palu I Bridge is a hydraulic structure building that has two piers and is built on the
Palu River channel. This is related to scour that occurs directly from buildings in the
river flow and scour that occurs due to the narrowing of the river channel. Palu I Bridge
is a bridge in Palu City that connects Jalan Gajah Mada and Jalan Hasanudin which was
built through the Palu River. This bridge was built in 1976 located at km

0.29 which has 2 (two) piers as seen in figure 1, 3 (three) spans with a length of 111.2
meters and a width of 7.2 meters.
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Fig. 1. Palu I Bridge

Local scour is the scour of bed materials. Some examples of the local scour are the local
scour around piers, abutments, spurs, embankments, bends, and downstream hydraulic
structures. In the present research, local scour around bridge piers and abutments was
analyzed [6]. The dimensions of a local scour hole (length, width, and depth) around a
bridge’s pier depend on the flow characteristics (velocity and depth), the particle size
of the bed material, as well as the shape and dimensions of the pier [8].

Local scour can occur either under clear-water or live-bed conditions. If the flowing
discharge causes bed shear stresses that are less than the critical, no sediments will travel
with the flowing water, hence, the flow in the waterway is considered to be under a
clear-water condition. Contrarily, if the discharge leads to bigger shear stresses than the
critical of the bed material, sediments will move with the flow and replenish the
sediments migrating from the scour hole, causing a live-bed condition [4].

Realizing the importance of scour, the first step towards the safety of bridges and users
against local scouring is correctly estimating the scour depth around bridge piers [3].
Various scientific studies on scouring around the bridge piers have been carried out
through simulations on laboratory tests and direct observations in the field. In laboratory
tests, various preparations are needed such as flume preparation, bridge pier replicas,
large gradation tests of sediment grains, flow discharge regulation. It requires
preparation that takes a long time, while in direct observation in the field, it is usually
constrained by the terrain of the bridge to be measured [2]. The effect of the change in
water rate around the bridge piers was investigated with a numerical model. In recent
years because of computer development, therefore sciences will develope to thus
computational fluid dynamic will develop to and these method were utilized a lot. In
nowadays about scouring around bridge pier many studies had been done. But these
experiments are based on empirically aspect and using these equations is too risky [7].
So that numerical models can be solved using modeling on computers.

This study was made to determine the local scouring around the piers of the Palu I
bridge using HEC-RAS [5] and the data used were the geometry of the Palu I bridge,
sediment, discharge and topography of the Palu River. The benefits of this research are
as one of the materials for the evaluation of local scouring around the bridge piers.

2 Methods

The location of this research is located on the Palu I Bridge, Palu River. Palu I Bridge
is a bridge in Palu City that connects Gajah Mada street and Hasanudin street which
was built through the Palu River. This bridge was built in 1976 located at KM 0.29
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which has 2 (two) piers as seen in figure 2, 3 (three) spans with a length of 111.2 meters

and a width of 7.2 meters.
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Fig. 2. Research Location at Palu I Bridge, Palu River

This research was done with steady flow simulation using the HEC-RAS Application
Program. Geometric of the model via HEC-RAS using the geometry data in File menu.
In this section, we input topographic data, long and cross sections of the modeled river
as well as geometric data of the Palu I bridge. Input flow data with the steady flow data
facility on HEC-RAS and input condition data in the form of discharge data and riverbed
slope in the downstream part of the Palu River that is modeled. Input sediment data with
sediment data facility on HEC-RAS.

The topography data of the Palu river was used to simulate the geometry of the river in
the HEC-RAS simulation. The discharge data will be used as input for simulated flow
data as the condition of the upstream boundary of the Palu River.
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Fig. 3. Flowchart of Bridge Scour Simulation using HEC RAS
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3 Results and Discussion

3.1 Simulation Scenarios

Table 1: Table Simulation Scenarios HEC-RAS.

Geometric Data Upstream Downstream Sediment Data
Boundary Boundary
Palu River -BWS AWLR - BWS Slope of the bed river ~ Sieve analysis
Data Palu I Bridge — (Qaverage) test
Survey

3.2 Simulation Results

Simulation Results Palu River and Palu I Bridge

seminarhasil Plan: Plan 05 7/31/2017 9:24:09 PM Geom:
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[ Cegend |
TR
Ground
Bank .Sta
Ground
Fig. 4. Simulation Results Palu River and Palu I Bridge
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Fig. 5. Bridge Scour at Maximum Discharge condition Q = 423,110 m%/sec, a scour depth is
1.91 m.
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Fig. 6. Bridge Scour at Average Discharge condition Q = 83,659 m?/sec a scour depth is
1.38 m.
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Fig. 7. Bridge Scour at Minimum Discharge condition Q = 9,190 m3/sec a scour depth is 0.92 m.

Results of Simulation of Palu River (Long Section)
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Fig. 8. Long Section Palu I Bridge

Simulation of sediment of the Palu river and the Palu I bridge with a setting time of 2
years with an average flow discharge (Q = 83.659 m3/sec). From the picture above, it
can be seen that around the bridge piers has experienced an increase in the bed elevation
from 2015.
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Results of Simulation of Palu I Bridge (Cross Section)
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Fig. 9. Changes in the Riverbed of Palu River at Cross-Section Profiles S 34.0526 and S 34

The simulation results in Figure 9 show that the elevation change at the upstream part
of the bridge piers S 34.0526 has increased by 0.40 meters. At section S 34 has

decreased by 0.67 meters.
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Fig. 10. Changes in the Riverbed of Palu River at Cross-Section Profiles S 33.9473 and S 33.8947

The simulation results in Figure 10 show that the elevation change at section S 33.9473
has increased by 0.02 meters. At section S 33.8947 has increased by 0.20 meters.
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Fig. 11. Changes in the Riverbed of Palu River at Cross-Section Profiles S 33.8421 and S 33.7894

The simulation results in Figure 11 show that the elevation change at section S 33.8421
increased by 0.11 meters. The elevation changed at section S 33.7894 increased by 0.15

meters.
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Fig. 12. Changes in the Riverbed of Palu River at Cross-Section Profiles S 33.7368 and S 33.6842
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The simulation results in Figure 12 show that the elevation change at section S 33.7368
increased by 0.13 meters. The elevation changed at section S 33.6842 increased by 0.14
meters.
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Fig. 13. Changes in the Riverbed of Palu River at Cross-Section Profiles S 33.6315 and S 33.5789

The simulation results in Figure 13 show that the elevation change at section S 33.6315
has increased by 0.15 meters. The elevation change at section S 33.5789 has also
increased by 0.15 meters.
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Fig. 14. Changes in the Riverbed of Palu River at Cross-Section Profiles S 33.5263

The result of the simulation in Figure 14 shows that the elevation change at section S
33.5263 experienced an increase of 0.16 meters
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Fig. 15. Comparison Chart of the River Bed of the Palu I Bridge
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Comparison Chart of the Riverbed at Palu I Bridge (Southern

Section)
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Fig. 16. Comparison Chart of the River Bed of the Palu I Bridge

From these Figure, it can be seen that the comparison of the riverbed elevation shows a
similar pattern. In 2017, the direct measurement results at the research site indicated an
increase in riverbed elevation compared to the 2015 measurement data, ranging from
0.0 to 0.5 meters. Meanwhile, the simulation results fall between the 2017 measurement
data and the 2015 measurement data. The comparison of the riverbed elevation from
the measurements, data, and simulation results is presented in Figure 10.

3.3 Discussion

The factors affecting the magnitude of the local scour depths at piers and abutments are
listed as follows: (1) Velocity of the approach flow, (2) Depth of flow, (3) Width of the
pier, (4) Discharge intercepted by the abutment and returned to the main channel at the
abutment, (5) Length of the pier if skewed to flow, (6) Size and gradation of bed
material, (7) The angle of attack, (8) Shape of pier or abutment, and

(9) Bed configuration [6].

Based on the simulation results using HEC-RAS, the scouring depth around the bridge
pier at each of the maximum, average, and minimum discharge rates are 1.91 m, 1.38
m, and 0.92 m, respectively. This shows that as the flow discharge increases, the
resulting scouring depth also increases. Meanwhile, the sediment simulation results for
the Palu River at the bridge cross-section over 2 years show changes in the riverbed,
with an elevation increase of the riverbed in 2017 by an average of 0.16 m. However,
at the upstream side of bridge pier S 34, there was a decrease in elevation by 0.67 m.
The flow velocity, with the given values of n=0.033, B=67.5m, H=0.7 m, and [ =
0.0018, is obtained using the Manning's equation, resulting in 0.999 m/s. The critical
velocity is determined by calculating the Shield parameter (8er) using the grain size
parameter (D*), which results in 0.0076 m/s.

The result of the calculation of flow velocity and critical velocity shows a comparison
of u/uer> 1, indicating that live-bed scour occurs around the bridge pier. Live-bed scour
is the scour accompanied by sediment transport from the bed material, which occurs
when the flow conditions in the channel have caused the bed material to move. This
indicates that the shear stress at the channel bed has exceeded its critical value.

4 Closing
4.1 Conclusion

The conclusion from the results of this study is that the local scouring around the piers
of the Palu I bridge under the conditions, 1) the maximum discharge Q = 423,110
m’/sec, the depth of scour is 1.91 m, 2) the average discharge Q = 83,659 m?*/sec, the
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depth of scour is 1.38 m and 3) the minimum discharge Q = 9,190 m*/sec, the depth of
scour is of 0.92 m.

Changes in the riverbed of the long profile around the Palu I bridge have a elevation
increased from 2015 to 2017.

The result of the calculation of flow velocity and critical velocity shows a comparison
of w/uer> 1, indicating that the scour occurring around the bridge pier is accompanied
by sediment transport from the bed material (live-bed scour).

4.2 Recommendations

The recommendations submitted for further research are 1). It is recommended that in
HEC-RAS simulations use data from the same year to represent the actual situation in
that year, 2). Further research is needed on the piers of bridges built at the mouth of
rivers and the influence of tides on these piers, and 3). The results of the sediment
simulation and bridge pier scour using the HEC-RAS program can be used to predict
the tendency of sediment transport behavior in each river/bridge cross profile and the
maximum depth of bridge pier scour. So it can be used as input to evaluate the cross
profile.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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