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Abstract

Ciujung River is one of the most strategic river of Banten Province where it serves as
natural drainage, water supply, irrigation, flood control and several national highway toward
to the main Airport and Harbour should across it. In the same time, one of the highest risk
problem could be generated is the breach of Ciujung Bridge on the highway of Tangerang-
Merak. However, there is no previous study discuss about its potential hazard. This paper
discuss the flood flow and the dependable flow pattern around Ciujung Bridge based on field
observation, secondary data and mathematical model results. The flow pattern will be predicted
by using Hecras 6.2 for 2d unsteady flow. The input hydrograph will be determined based on
SNI 2415:2016 for a 50-year return period for the flood condition and Q90% for dependable
flow condition. The model result is compared to the field data based on the previous
observation of extreme flood in 2013. Model prediction of future extreme flood will be done
using extreme rainfall of 100 years period. Based on this model result, a potential update of
bridge pier that might be used to reduce the risk of the bridge or the river bank failure, could
be discussed.
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Introduction

Ciujung River is a river that provides benefits to residents around the river channel.
There are several community facilities and businesses that depend on the Ciujung River such
as irrigation water supply facilities, drinking water supply facilities, natural recreation
facilities, freshwater aquaculture, and crossing bridge facilities. In addition, the Ciujung River
also faces problems related to flooding, erosion, sedimentation, and water quality [1-3].
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Fig. 1 Ciujung Watershed in Banten Province, Indonesia

The bridge on the Ciujung River, located on highway Tangerang-Merak toll road
section, is an important facility for public transportation, private vehicles and logistics supply
vehicles toward to the main Airport and Harbour. As we know that the only way that can be
accessed quickly to Merak or to Jakarta is this route.

Fig. 2 Lokasi Jembatan Ciung

Ciujung bridge is located in Serang Regency. It connects two surrounding villages,
Undarandir and Kibin.

When there was a major flood in 2013 and 2020, the condition of the bridge was
inundated, thus cutting off transportation connectivity from Java to Sumatra and vice versa.
The flood caused a change in the lower structure of the bridge pillars.

Fig. 3 Ciujung Bidge
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Previous study reported that the sedimentation rate and flood peak of Ciujung River has
been increased during the last two decades, as it is commonly observed in another river located
in built environment of Indonesia [4-9]. The safety and function of the bridge would then be
decreased due to the increasing sedimentation and flood peak as discussed above. Further study
to get a more reliable sedimentation rate, flood risk is then required as a counter measure to
mitigate the potential disaster. Flood risk could be analyzed using BNPB standard [10]. Due to
the lack of data observation, the analysis of sedimentation and water level on the bridge could
be done by using Neural Network Method [11, 12]. The influence of additional sedimentation
to bridge located in the upstream part of the bridge should be evaluated [13-16]. Flood risk
should be predicted using the updated flood peak by using mathematical model [13-16]. The
influence of the increasing flood peak of Ciujung River to the bridge stability, the
sedimentation rate and river bed erosion should be studied [17-18]. However, this paper
presents only the prediction of potential sedimentation distribution during the dry season and
bed erosion pattern around the bridge based on mathematical model.

So, it is necessary to study the bridge pillars on the morphology of the Ciujung River
to determine the local scour that may occur on the pillars of the two bridges. So that from the
results of the analysis can provide recommendations for handling that can be done in the future.

Methodology

2.1. Spatial Analysis

The first step is to delineate the Ciujung watershed. The aim is to obtain characteristics
of watershed [19]. such as watershed area (A), river length (L), and river slope (S). In addition,
an analysis was also carried out to determine the slope of the land and land cover which would
later be used in calculating the composite Curve Number (CN) value used for the hydrological
analysis process. The calculation of the composite CN value uses the following formula [20]:
2(A;CN; + A,CN, + -+ A,CN,,

YA

CNcomposite =

With:

CN composite = Composite Curve Number
A = Land Use Area

CN = Curve Number for Each Land Use

So that the CN value for the Ciujung watershed is 71.42. This value is used for hydrological
analysis process.

2.2. Hydrological Analysis

Before the hydrological analysis is carried out, the outlier test and consistency test are
carried out first from the available rain heading data. Hydrological analysis refers to SNI 2415:
2016 [21], which in this study used the frequency analysis method with return periods of 2, 5,
10, 20, 25, 50, 100, 200, 500 and 1000 years. The frequency distribution analysis that will be
used in this study is the normal distribution method, the normal log distribution method, the
Gumbel distribution method, and the Pearson I11 log distribution method, where the distribution
to be used is the distribution that meets the Simrnov-Kolmogorov test and the Chi-Square test.

Next is to calculate regional rainfall using the Thiessen Polygon method. So it is
necessary to determine the area of influence of each rain post in the Ciujung watershed. The
formula for calculating regional rainfall using the Thiessen method is as follows:
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Fig.4 Thiessen Polygon Rainfall Calculation [22]

d _ A1d1 + Azdz + A3d3 + + Andn
B A

Where:

A = Area (km2) ,

d = High Average Rainfall Area,

di, d2, d3, dn = High Rainfall In Post 1, 2, 3,n

Al, A2, A3, An= The Area Of Influence Of Post 1, 2, 3,n

Repeated flood analysis was carried out using the SCS synthetic unit hydrograph (SUH)
method [23]. Then the next step is to carry out a hydrological analysis using the HEC-HMS
software. The following is a synthetic unit hydrograph of 2 years and 50 years return period
flood discharge using the SCS method.
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Fig. 6 Synthetic Unit Hydrograph 50 year Return Periode
Res Militaris, vol.13, n°2, January Issue 2023 5425



s mieiTanis Social Science Journal

Fig. 7 Sy?ﬁhetic Unit Hydrogfébh 100year "Return Periode

Based on the results of the analysis using the HEC-HMS software, the peak discharge
for return periods of 2 years, 50 years and 100 years is as follows:

Table 1. Discharge value of return periods

Return Period

Planned Flood Discharge Q (m3/s)

2 86.54
50 117.85
100 122.78

The hydrograph flow for each return period will be used as input flow in the HEC-RAS

2D Unsteady Flow software.

2.3. Hydrodynamic Analysis

For the hydraulics analysis process, it is necessary to obtain the Manning (n) value

using the following equation:

1 2 1
n= V X R3 X S2
Where:
\ = Average Velocity (m/s)
R = Hydraulic Radius (m)
S = Slope
n = Manning value

The following is a list of manning values according to [24]:

Table 2. Roughness coefficient value

Channel type and material type

Roughness coefficient value (n)

Min. Normal Max.
Concrete
Straight Water Tunnel and Free of Obstructions 0.01 0.011 0.013
Polished Concrete 0.011 0.012 0.014
Water Drainage with Control Tub 0.013 0.015 0.017
Sail

Clean and New 0.016 0.018 0.020
Clean and weathered 0.018 0.022 0.025
Pebbled 0.022 0.025 0.030
Short grass, few nuisance plant 0.022 0.027 0.033

Natural channel
Clean and Straights 0.025 0.03 0.033
Clean and meandering 0.033 0.04 0.045
Many nuisance plant 0.050 0.070 0.080
Floodplain with short/tall grass 0.025 0.030 0.035
Channel in ticket 0.035 0.050 0.070

Res Militaris, vol.13, n°2, January Issue 2023 5426
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Based on the table, the Ciujung River is a natural channel with lots of plants, so the
roughness coefficient (n) for modeling is 0.03.

2.5. Model Simulation
The model simulation is using software HEC-RAS 2D Unsteady software [25]. The
modeling scheme used is as follows:

Normal Depth

Flow Hydrograph

Fig. 8 Modeling Scheme HEC-RAS 2D Unsteady

HEC-RAS modeling is carried out with the upstream boundary conditions in the form
of flow hydrographs. The flow hydrographs used are the 2 years, 50 years, and 100 years return
periods which have been analyzed previously. In addition to modeling using flood discharge,
the mainstay discharge Q80% is also used at 19 m3/s and Q90% at 9.35 m3/s. The reliable
discharge is obtained using the Weibull method with the equation [26]:

P =m/(n+1) x 100%

Where:

P = Probability (%)

m = data sequence number
n = amount of data

Flow Duration Curve

Discharge (m3/s)
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£0.00%
probability (5)

Fig. 9 Flow Duration Curve Weibull Method

Result and Discussion

The flow pattern is modeled using two types of flow, namely: normal discharge and
flood discharge which are obtained from the hydrological analysis results. Modeling was done
using Hec-Ras Unsteady 2D software. By using fully 2D, the perimeter used on the land is grid
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20, on the river body is used grid 10, and for the area around the pillars is used grid 1. So that
the flow velocity vector can be seen in more detail.

3.1. Secondary and Field Data Analysis

POLYGON THIESSEN ANALYSIS
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Fig. 10 Poligon Thiessen of Ciujung Watershed

The area of influence of each rain post will later be used to calculate regional rainfall.
Rainfall data from 2001 to 2020 shows that the maximum daily rainfall occurred in 2020 with
a value of 114 mm.

On the banks of the Ciujung River there is no erosion so that it is relatively stable at the
time of measurement. The depth of the Ciujung River also varies between -1.4 m to -10.4 m.
The deepest river body is downstream of the bridge pillar. The depth of the river also varies,
especially around the bridge piers. This change in depth tends to be greater around the left and
right of the pillars in the bridge.

The structure of the Ciujung Bridge (piers and abutments) has a contractionary effect
on river flow, so that the river flow downstream of the bridge has the highest velocity, while
the upstream part of the Ciujung Bridge has a lower flow velocity than the downstream part.

Based on the analysis of the size distribution of the bottom sediment samples, the
vicinity of the bridge is classified as Silt. The diameter of the bottom sediment grains at a
diameter of 50 (d50) is 0.025 mm.

3.2. Velocity Pattern

Flow velocity pattern modeling was carried out for two types of initial flow conditions,
namely normal flow and flood flow. The amount of discharge is determined based on the
synthetic discharge obtained by the Synthetic Unit Hydrograph method. The normal current
pattern is predicted for the sedimentation pattern in the study area. While the pattern of flood
flow is predicted to predict the maximum scour depth around bridge piers and abutments. For
analysis of sedimentation and scour around the pillars will be carried out in further studies.

Res Militaris, vol.13, n°2, January Issue 2023 5428
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Fig. 11 Bathymetry and mesh modelling with bridge pier
Modeling is done with the bridge pier in fig. 11.
Based on the simulation of the normal flow model with discharges of around 9.35 m3/s

and 19 m3/s, the velocity vector of the Ciujung river around the bridge pillars is obtained as
follows:

=

Fig. 12 Current velocity pattern around the bridge pier at Q80% discharge condition

Fig. 14 Pattern of current velocity around the bridge pier in flood conditions with a return
period of 2 years

Res Militaris, vol.13, n°2, January Issue 2023 5429
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Fig. 15 Pattern of current velocity around the bridge pier in 1:I00d conditions with a return
period of 50 years

Fig. 16 Pattern of current velocity around the bridge pier in flood conditions with a return
period of 100 years

Maximum velocity in each condition is presented in the following table:
Table 3. Velocity value

Condition Velocity Maximum (m/s) Average (m/s)
Upstream Downstream
Return period 2 years 1.59 2.77 2.18
Return period 50 years 2.17 3.12 2.63
Return period 10 years 2.21 3.16 2.68
Discharge 80% 0.30 0.75 0.53
Discharge 90% 0.37 0.93 0.65

The velocity downstream of the bridge piers is higher than upstream. Due to the impact
of the contraction of the bridge structure. In addition, the greater the discharge that occurs, the
greater the resulting velocity.

The velocity distribution can be the basis for predicting whether the conditions around
the bridge piers will experience erosion or sedimentation, using the Hjulstorm Diagram [27].
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Fig. 17 Hjulstorm Diagram for analysing condition around pier
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By using the Hjulstorm Diagram, bathymetry conditions are obtained by using the
maximum velocity at each modeled discharge, and also using d50 bottom sediment grains. The
results show as follows:

Table 4. Velocity Average at Hjulstorm Diagram

Condition Velocity Average (cm/s) Hjulstorm Diagram
Return period 2 years 218 Erosion
Return period 50 years 263 Erosion
Return period 10 years 268 Erosion

Discharge 80% 53 Erosion
Discharge 90% 65 Erosion

Based on the results of the plot on the Hjulstorm Diagram, for a sediment grain diameter
of d50 (0.025 mm), with flow velocity in each return period, the bathymetric conditions around
the pillars are eroded.

These two parameters, namely flow velocity and sediment grains, can be one of the
perimeters in predicting the bathymetry conditions around the bridge piers.

Conclusion

The conclusions that can be drawn from the research on the hydrodynamic model of
flood flow around the bridge in Ciujung River that has been carried out are as follows:

1. The simulation results of the flow pattern of the Ciujung river obtained the value of the
flow velocity under normal conditions and flood conditions. The average velocity under
normal conditions when discharge is 80% and 90% is 0.53 m/s and 0.65 m/s. While the
flow velocity in flood conditions during the 2 years return period is 2.18 m/s, the 50
years return period is 2.63 m/s, and the 100 years return period is 0.65 m/s.

2. The flow velocity on the upstream of the bridge piers is lower than the flow velocity on
the downstream of the bridge piers. The contraction due to changes in cross-section
results in faster downstream velocity.

3. Flow velocity and sediment grain diameter data can be used to determine the
bathymetry conditions around the bridge piers using the hjulstorm diagram. The results
show that for each modeled discharge condition, it causes erosion around the bridge
piers.

4. With the prediction of erosion, further research can be carried out regarding the study
of local erosion or scour that occurs around the bridge pillars.
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