Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Paper ID: 713
Assessment of Local Scouring for Designing Jetty in Coastal Region
M. M. Rahman', M. R. Masud?, D. M. Ali, M. A. Taher*

'Postgraduate Student, Department of Civil Engineering, MIST, Bangladesh (mahfuzurrahman999@ymail.com)
2CEO & Structural Engineer, Innovate Engineering and Development, Bangladesh (masud@iecbd.org)
3 Structural Engineer, Innovate Engineering and Development, Bangladesh (civil06@iecbd.org)
4Structural Engineer, Innovate Engineering and Development, Bangladesh (abutaher@iecbd.org)

Abstract

Construction in coastal areas is very challenging due to storm surge action, wave and current. Accurate estimation
of local scour depth around coastal structure such as jetties is very essential for ensuring stability and longevity.
On the other hand, predicting scour depth remains highly uncertain, as it depends on dynamic factors like wave
height, period, and structural geometry. The aim of this study is to investigate local scour depth around piles in the
coastal region of Mirsarai and to understand the influence of pile shape and angle specifically comparing circular
and square piles on local scour behavior by using analytical formulae. Finally, relationship is established between
a scour depth and flow depth. The findings aim to provide engineers with a deeper understanding of scour behavior
at Mirsarai, Chattogram under varying coastal conditions, ensuring better design considerations for pile length and
foundation stability. By integrating these outcomes into structural design, more resilient and sustainable coastal
infrastructure can be developed.
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1 Introduction

Scouring is a natural process where water flow removes sediment from around the base or foundation of a structure.
In coastal environments, continuous wave, current, and storm surge actions make scouring a major geotechnical
hazard for coastal structures. Without proper protection and monitoring, it can cause erosion around foundations
and lower the seabed, leading to structural instability. This reduction in seabed level causes shortening of the
embedded length of the piles, as a result, this increases the risk of structural failure (Sumer et al., 2001).

The southern region of Bangladesh borders the Bay of Bengal, with Mirsarai in Chattogram located along the
coastline. As an emerging industrial hub, understanding local scour behavior in this coastal area is vital for
designing safe and sustainable marine structures. Without understanding proper scouring behavior, structures in
such dynamic environments increased risks of structural failure.

Previously, many studies have been conducted about the assessment of local scouring. (Kumar and Kumar
Himanshu, 2011) author used HEC-RAS model to predict scour depth under steady flow condition. Both
Experimental and numerical set up was established. Shape of the pier geometry highly controlled the scouring
parameters. Scouring around the square shape pier or rectangular shape pier is higher than circular shape or round
nose shape pier (Ettema and Kirkil, 2006; Pal et al., 2012). (Thanh et al., 2014) authors found through numerical
analysis that the maximum scour depth occurred at the front corner edges of the pier, which aligned with the results
observed in their experimental setup. Scour depth around pier not only depends on the geometric shape of the pier
or piles but also depends on the bed materials, significant wave height, current action, angle of wave action and
direction of the flow etc. Another recent study was conducted on the Sandwip Channel, which assessed the
potential scour depth to ensure the safe design of a coastal jetty. Using hydrographic survey data from BIWTA and
applying the (Einstein and Wiegel, 1970; Herbich, 1987) method, both local and total scour depths were estimated
for various wave conditions. The results showed that local scour around a 1.5 m diameter pile was approximately
5.22 m and also indicating that wave height and water depth significantly influence scour (Matin et al., 2016).

Dimensionless parameter is used for calculating maximum local scour depth is presented at equation (1).

= = f(Ky, Kp, K3, 2 Fy) M
Where,

K = Correction factor for pier nose shape

K, = Correction factor for angle of attack of flow

K3 = Correction factor for bed condition
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F;= Froude Number

a = Pile diameter (m)

y1 = Flow depth directly upstream of the pier
ys = Scour depth (m)

In this study, the authors aim to investigate and understand the impact of pile diameter on scour, both current action
and wave action behavior under varying flow depth conditions. Analytical formulae are used to estimate scour
depths. The findings contribute to identifying local scour patterns at the coastal shoreline near Mirsarai,
Chattogram, which can support the selection of efficient pile diameter, thereby enhancing the reliability and
stability of coastal structures.

2 Study Area

The Mirsarai, Chattogram site, located at coordinates 22.7722°N 91.5750°E outlined in the Figure 1, is a
strategically and economically important coastal region positioned on the right bank of the Sandwip Channel.
Spanning a total area of 482.88 km? and home to over 398,000 people. The area is part of the Dhaka-Chattogram
industrial corridor and directly adjacent to the Bangladesh Economic Zones Authority (BEZA) Economic Zone,
which is envisioned as a catalyst for national economic advancement. To support the growing demand for industrial
logistics, a multi-purpose jetty was planned at the site. In 2019, a feasibility study was conducted by the Bureau of
Research, Testing and Consultation (BRTC), BUET. According to their report, the site demonstrates favorable
hydro-morphological characteristics and is ideal for jetty infrastructure. But erosion tendencies exist in the southern
part. Hydrodynamically, the site is exposed to cyclonic wave actions, with wave heights reaching up to 1.94 m
during severe events.
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Figure 1. Map of Mirsarai upazila

In May 2025, a topographic survey was conducted by a team of engineers from Innovate Engineering and
Development along a 3 km stretch extending seaward from the existing road at the Mirsarai site. The objective
was to assess the variation in ground elevation from the shoreline toward the sea.
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Figure 2. Elevation profile of study area

The survey data, illustrated in Figure 2, reveals a significant drop in elevation within the first few hundred meters.
The terrain descends sharply from approximately +8 m above mean sea level to around -10 m, reaching a relatively
stable seabed level between -8 m and -11 m for the remainder of the section up to 3 km. This indicates that the bed
level across most of the survey line lies 8 m to 10 m below mean sea level (MSL). Such change in elevation can
accelerate flow velocity near the slope and increase turbulence, thereby enhancing the potential local scour around
the pile.

On the date of conducting survey, it was recorded that high tide level 1.82 m and low tide level -1.44 m. Significant
water level difference was observed over there, on the other hand based on the data from Survey of Bangladesh
(SOB) highest water level data was recorded 4.98 m on 23 July 2017.Here flow depth variation is almost 3.26 m.

Besides, (Matin et al., 2016) summarized flow velocity from (Alam, 2014). The velocity was measured at south
east Sandwip was 1.82 m/s and during flood at 2011 the maximum flow velocity was 1.71 m/s. (As-Salek and
Yasuda, 2001) claimed in their study that the combination of shallow waters and significant tidal fluctuations in
the Meghna estuary leads to the development of strong tidal currents, reaching speeds between 1 to 3 m/s, which
are also experienced in the study area. Additionally, significant wave height was outlined in the feasibility study
report was conducted by BRTC, BUET. For the projected study area maximum significant wave height outlined
1.94 m. The report also mentioned that projected area consists of extensive mudflats, which are typically flat and
made of silty sand. From the topographic survey it is also observed that bed level almost plain and no dunes are
observed.

3 Methodology

Figure 3. Geometric representation of pile group

In this study, three piles of equal diameter arranged in a single row were considered, as shown in Figure 3, which
illustrates a group of cylindrical piles whose total effective width is the product of the number of piles and pile
diameter. The local scour mechanism around the pile is significantly influenced by this geometrical arrangement.
The closely spaced piles cause wake interference that reduces near bed flow velocity and scour depth. In contrast,
increased spacing allows fully developed horseshoe vortices to form, resulting in greater scour around individual
piles.

Local scour in coastal region has been occurred both current action and wave action. Due to current action scour
has been calculated by using equation (2).

% = 2.0 K1K,K3 () 65F, %4 (2)
1 Y1

Correction factor K5 is calculated by using equation (3)
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K, = (Cos® + = Sin6)*° (3)

On the other hand, scouring due to wave action is calculated by using equation 4(Kobayashi and Oda, 1995).

2m = 131 — e 003(KC-0) (4)

Keulegan-Carpenter number (KC) is determined by the equation (5)
After calculating total local scouring then time rate of has been calculated by using equation (6).

¥s(©) = = (6)
Zj Ys—ult
Where ,
6 = Angle of pile
L = Total effective width (Number of pile X a)
a = Pile diameter
Sm = Scour due to wave
Unm = Wave orbital velocity
T = wave period
¥ s-ule = Total scouring
z; = Initial rate of scour.
t = Time period.
The parameters have been used to calculate scour depth is outlined in Table 1.

Table 1. Input parameters used for scour depth calculation

Wave Height, H 2 m

Velocity of Flow, V 3 ms’!

Pile Angle, 6 90°

Shape Factor 1

Acceleration of gravity, g | 9.8 m/s?

Rate of Scouring, z; 0.4 m/yr

Bed Condition Plane bed and Antidune flow

4 Result and Discussion

Using analytical formulae, the total local scour depth has been calculated for both current and wave actions for
pile diameters of 500 mm, 750 mm, 1000 mm, 1200 mm, and 1500 mm, with flow depths varying from 1 m to 4
m outlined in the Figure 4. From the graph, it is observed that the pile diameter has a significant effect on scouring.
The scour depth increases with increasing pile diameter. When the flow depth is considered to be 4 m, the total
local scour depths for pile diameters of 500 mm, 750 mm, 1000 mm, 1200 mm, and 1500 mm are computed as
3.26 m, 4.22 m, 5.06 m, 5.68 m, and 6.54 m, respectively. But in case of computing scour with respect to time, in
case of flow depth 4m reveals that rate of scouring is comparatively higher for small diameter pile than higher
diameter pile presented in the Figure 5. An analytical formula was also followed by (Matin et al., 2016) to compute
scour depth. They found a scour depth of 5.22 m for a 1.5 m diameter pile in the Sandwip Channel, which is
approximately 39 km away from the project location in this study. In contrast, this study found a scour depth of
6.54 m for the same diameter pile. This is due to a steeper seabed profile and more energetic hydrodynamic
conditions at Mirsarai, where flow velocity reaches up to 3 m/s and the significant wave height is approximately
1.9 m. These factors increase near-bed turbulence intensity and accelerate local scour. Moreover, it is observed
that the finer soil compositions in the top layer further enhance scouring. This finding is very significant for
ensuring safe coastal infrastructure development.
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Figure 4. Variation of scour depth with respect to flow depth
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Figure 5. Variation of the scour depth with respect to time (year), for yl =4m

5 Conclusion

This study analytically evaluated local scour depth around piles in the coastal region of Mirsarai, Chattogram,
considering the combined effects of wave and current actions. The results indicate that scour depth increases with
both pile diameter and flow depth. For a flow depth of 4 m, the computed total scour depth varied from 3.26 m to
6.54 m for pile diameter from 500 mm to 1500 mm respectively. Moreover, the steeper seabed profile and
significant hydrodynamic conditions further influence the intensity of local scouring in the study area. Since, this
research employed analytical methods, there is significant scope for future studies to incorporate numerical
modelling and experimental validation to enhance the accuracy and reliability of the findings.
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