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Abstract. Understanding soil dynamics in coastal structure locality is significant to evaluate
the performance of coastal structures and predict the changes in coastal dynamics caused by a
specific structure. Changes in sea-level can cause soil dynamic response around a submerged
rubble-mound breakwater. This study analysed the sedimentation that occurred in front of the
submerged rubble-mound breakwater through laboratory tests. The submerged rubble-mound
breakwater was carried out with a length of 750 ¢cm using the main protective layer of Dolos
with a scale of 1:10 and the core layer using Geotube. The wave simulation used daily and
extreme waves. The sedimentation research area was in front of the rubble-mound breakwater
with a length of 750 cm and a width of 200 ¢m. The observation points were determined by
dividing the research area by 50 ¢m in the length direction and 50 ¢m in the width direction.
All observation points in the sedimentation study area were analysed and determined points
that expenienced scouring/deposition due to daily and extreme waves. The results showed that
the largest scour occurred in the outer side of study area facing the incident waves, both due to
simulations of daily waves and extreme waves. Further research will review the effect of
sedimentation on the stability of the submerged rubble-mound breakwater.

1. Introduction

Sediments around the coastline are easily dislocated due to the influence of tides, waves, and currents,
which often cause erosion on the coast [1, 2]. There are several ways that can be done to protect the
coastal, namely strengthening the coast or protecting the coastal area so that it can withstand damage
by constructing several coastal structures [3, 4, 5]. The rubble-mound breakwater is a coastal
protection structure whose position is parallel or approximately parallel to the shoreline with the aim of
reducing incident waves [6]. The purpose of the rubble-mound breakwater is to reduce wave energy
(forces) behind the structure, as well as to protect the harbour pool againgpgyave disturbances [7, 8]. In
addition, it also aims to prevent coastal erosion [9, 10]. The function of the rubble-mound breakwater
is to protect the harbour water pond located behind it from wave attack, some of the energy of the wave
absorber will be reflected, the reduced wave energy in the protected areca will reduce the delivery of
sediment irfg§lp area [11].

The most common approaches for modelling sediment transport that is induced [ wave-
structure interactions have been done using numerical models. The advarf@ in numerical Reynolds-
Averaged Navier-Stokes (RANS) modelling was used for modelling the wave-structure teractions
[12]. The numerical study on the wave-induced current and morphology changes due to the
complicatefinteraction between waves and a sandy beach with shore-parallel breakwatersfivas
developed based on the SWASH wave model coupled with a sediment transport [13]. The study
numerically investigated the nonlinear dynamic analysis of a submerged rubble-mound low-crested
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breakwater constructed over a loosely deposited seabed foundation due to combined waves and
currents [14]. However, there are certain aspects when developing a numerical model that needs to be
studied in more detail such as the optimal boundary and the initial conditions for each numerical
approach.

Experimentally, both fields and laboratory measurements focus on the structure foundation.
Physical models of laboratory experiments face very severe problems with sediment and wave scale.
In spite of the problems and issues that still arise in the experimental testing of the seabed response,
several studies have investigated sediment transport and the scour around coastal structures. Fausset
[15] compared the seabed response around rubble-mound breakwaters from field surveys to tfjse
obtained in an ocean test laboratory. On the other hand, Temel and Dogan [16] tested the time
dependent investigation of the wave induced scour at the trunk section of a rubble mound breakwater.

In this study. phy§Eal models of laboratory tests were emphasized to examine the sedimentation
that occurred in front of the submerged rubble-mound breakwater. The submerged rubble-mound
breakwater was conducted with a length of 750 cm using dolos at the armor layer [1EJ] and geotube
(geotextile tube) at the core layer [18]. Dynamics change in sea level reflected the response of the
water surface meteorological and oceanographics processes as well as tides and can be fought as
periodic or episodic deviations about mean sea level. Sea level changes have an effect on the level at
which wave actions occurs and may also lead to horizontal movements of water in tidal and other
currents. The various reasons for sea level changes are sea level rise, i.e. increase or decrease on the
amount or level of water in the ocean will create new water bodies and affect the existing landforms,
and extreme events that can suddenly change (in short term) the water level in the near-shore
environment and may remain permanently. The sea level rise and extreme events represent the daily
and extreme waves simulations, respectively. The research area of sedimentation set in front of the
rubble-mound breakwater with a length of 750 ¢m and a width of 200 cm. The observation points were
decided by partitioning the research area of sedimentation by 50 cm in the length direction and 50 cm
in the width direction. All observation points in the study area of sedimentation were examined and
resolved points that are subjected to scouring/deposition due to daily waves and/or extreme waves
simulation.

fMethods

The model tests were carried out at the Laboratory of Balai Pantai, MEftry of Public Works and
Public Housing of the Republic of Indonesia witlfE}length scale of 1:10 (Froude scaling) compared to
the typical protoffipe dimension. The wave basin is 30 m long. 10 m wide and 1.25 m deep. The model
breakwater was located at the distance of 18 m from the wave genffator. The regular wave generator
has a length of 10 m, where the maximum wave height is 15 cm at a water depth of 50 cm and a wave
period of 1.5-2.5 seconds. The wave basin configuration is shown in Figure 1.
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Figure 1. Wave basin configuration

Laboratory tests were focused on a submerged rubble-mound breakwater model using piles of
natural stone, Geotube as the core layer ancale artificial stone made of Dolos concrete as the armor
layer in the direction of incident waves. The height of the rubble-mound breakwater is 42 cm. The side
slope of rubble-mound breakwater facing the incident waves is 1:2.5 @id the land slope of rubble-
mound breakwater is 1:1.5. Figure 2 shows the process of setting up the rubble-mound breakwater
model. The rubble-mound breakwater model can be seen in Figure 3.

Figure 2. Process of establishing the rubble-

mound breakwater model

Figure 3. Rubble-mound breakwater model

In the sedimentation test in front of the submerged rubble-mound breakwater due to daily waves
simulation, the wave and water level modelling was divided into fifteen test sections. These test
sections are considered the representative of the water level and wave conditions in nature as sea level
rise, where tides and wave frequency changes occur; even though, each test section §fnly considered
wave induced current. In this test, the water level was divided into five sections of 30 cm, 35 cm, 40
cm, 42 cm and 45 cm. Each water level was tested every 15 minutes (900 seconds) with three different
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wave frequencies, namely 10 Hz, 12 Hz Ehd 14 Hz, respectively. The wave height and wave period
were measured using wave probe located in front of rubble-mound breakwater model. The parameters
of daily waves can be seen in Table 1.

Table 1. Daily waves parameters

Water Level Time Wave Frequency Wave Height Wave Period
(cm) (second) (Hz) (cm) (second)
30 900 10 32 2.50

900 12 2.8 2.08
900 14 438 1.79
35 900 10 27 250
900 12 4.7 2.08
900 14 82 1.79
40 900 10 10.5 1.69
900 12 45 1.04
900 14 8.6 244
42 900 10 7.2 2.50
900 12 57 2.08
900 14 72 1.75
45 900 10 6.0 2.50
900 12 6.8 208
900 14 9.1 1.79

In testing of the sediment in front of the submerged rubble-mound breakwater due to extreme
waves, the water level used was 45 cm and the water level was tested for a frequency of 14 Hz as the
highest wave height due to daily waves simulation. This test section described the extreme event of
sea level changes. The test time was 225 minutes. The parameter of the extreme wave simulation is
shown in Table 2.

Table 2. Extreme waves parameters

Water Level Time Wave Frequency Wave Height Wave Period
(cm) (second) (Hz) (cm) (second)
45 13.500 14 9.1 1.79

3
An experimental study of sedimentation using sand with the observation area was located 1n front
of the rubble-mound breakwater on the sloping side of the direction of the incident waves. The
sedimentation research area was 750 cm x 200 cm. Figure 4 presents the sedimentation research area in
x- and y-directions.

x direction

y direction

Sedimentation research

Figure 4. Sedimentation research area in x and y-directions
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7
There were 60 research points in the horizontal direction and 1n the vertical direction as pointed in

Figure 5. The observation points are partitioned by 50 c¢m in the length direction and 50 c¢m in the
width direction. The thickness of the sand at the end of the sedimentation area in the direction of the
incident waves was 2 cm and at in front of the rubble-mound breakwater was 4 ¢m as shown in Figure
6.
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Figure 6. Side view of the sand thickness of the research area

3. Results and discussion

Data of the sediment thickness before and after being loaded with daily or extreme waves simulations
were obtained from the experiments in the laboratory. The change in sediment thickness in front of the
submerged rubble-mound breakwater were examined. These readings of sediment thicknesses were
carried out using nails at 60 observation points in the sedimentation research area.

Based on data obtained from laboratory testing of sediment before and atter being loaded with
the daily waves, there was a reduction in sediment thickness at 60 points as shown in Figure 7. The
change that occured in the sediment thickness are very varied at each observation point with
decreasing in sediment thickness by 0.05 cm — 0.35 cm at certain observation points.
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Figure 7. Changes in sediment thickness due to daily waves simulation

By comparing the sediment thickness changes before and after being loaded with daily waves
simulation, the percentage of decreasing in sediment thickness at each observation point was
determined as presented in Table 3. Figure 7 dan Table 3 indicate the observation points that
experienced a decrease in sediment thickness.

Table 3. Percentage of decrease in sediment thickness at each point due to daily waves simulation

Points Y1 Y2 Y3 Y4
X1 3.75 8.75 10.00 10.00
X2 2.50 3.75 5.00 10.00
X3 2.50 1.25 3.33 10.00
X4 2.50 3.75 6.67 10.00
X5 2.50 5.00 6.67 10.00
X6 6.25 2.50 5.00 7.50
X7 2.50 3.75 5.00 5.00
X8 3.75 5.00 6.67 7.50
X9 5.00 6.25 6.67 7.50
X10 3.75 6.25 8.33 10.00
X11 1.25 5.00 6.67 7.50
X12 2.50 3.75 5.00 7.50
X13 2.50 5.00 5.00 10.00
X14 5.00 5.00 6.67 10.00
X15 6.25 8.75 10.00 10.00

umits: percentage (%)

The analysis of the data obtfEkd was carried out after being loaded with extreme waves
simulation in front of the submerged rubble-mound breakwater. It was found that there was a decrease
in sediment thickness at 57 sediment review points. Three sediment thickness review points did not
change. Changes that occured caused reduction in sediment thickness by 0 — 0.30 cm at certain
observation points. Figure 7 displays the changes in sediment thickness in front of the submerged
rubble- mound breakwater due to extreme waves simulation.
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Figure 8. Changes in sediment thickness due to extreme waves simulation

The percentage of the decrease in sediment thickness at each point due to extreme wave
simulation is presented in Table 4. The results show that both daily and extreme waves simulations
decrease the sediment thickness the most at the outer side of the study area facing in the incident
waves. The decrease in sediment thickness due to daily waves simulation is higher than due to extreme
waves simulation.

Table 4. Percentage of re@fJe in sediment at each point due to extreme waves simulation

Points Yl Y2 Y3 Y4
X1 2.50 5.00 6.67 7.50
X2 0.00 5.00 500 7.50
X3 2.50 2.50 5.00 7.50

2.50 3.75 333 5.00
X5 2.50 3.75 333 7.50
X6 2.50 5.00 500 10.00
X7 5.00 3.75 500 10.00
X8 3.75 3.75 6.67 10.00
X9 0.00 3.75 10.00 7.50
X10 2.50 5.00 6.67 7.50
X11 3.75 6.25 6.67 7.50
X12 5.00 6.25 8.33 5.00
X13 5.00 6.25 0.00 5.00
X14 2.50 5.00 8.33 10.00
X15 6.25 7.50 6.67 10.00

units: percentage (%)

The data obtained from the laboratory test containffimeric XY sediment rescarch area
coordinate and Z values contain the sediment thickness. The irregularly spaced XYZ data interpolate
into regularly spaced grid using Surfer software as a grid-based mapping program. The grid from the
results of changing in sediment thickness was used to describe the condition of the sediment in front of
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the submerged rubble-mound breakwater after being loaded by daily and extreme waves simulations.
The grid was also used to produce contour and 3D surface that best represents data [19].

The results from the Surfer describe the changing in sediment thickness at each observation
point. Figure 9 presents the contour of sediment in front of the submerged rubble-mound breakwater
using Surfer after loaded with daily and extreme waves simulations. Based on the contour images
shown in Figure 9, the contour of sediment thickness changes at every observation point, where each
observation point experiences the decreasing in sediment thickness. The outer sides of the study area
facing the incident waves significantly reduce in sediment thickness.

25 73 125 175 225 275 325 375 425 475 525 575 625 675 725

sediment thickness (cm)

25 75 125 175 225 275 325 375 425 475 525 575 625 675 725
(b)

Figure 9. Contour of sediment in front of the submerged rubble-mound breakwater
using surfer software after loaded with (a) daily waves simulation and (b) extreme
waves simulation

In addition to the contour images, the Surfer also provides an output of 3D images to describe
the sediment conditions in the study area. The output 3D images illustrate the condition of the
sediment thickness due to daily waves which can be seen in Figure 10. The 3D image of the sediment
condition after being loaded with daily waves only illustrates the observation point which according to
the data obtained has decreased in sediment thickness. In the outer side of the sediment research area
facing the incident wave is 8.8% of reducing in sediment thickness due to daily waves. The output of
the Surfer can be compared with the image of the sediment condition after geing loaded with daily
waves in the laboratory field in Figure 11. It is shown from Figure 10 dan 11 that the scour/deposition
pattern in front of the rubble-mound breakwater emerges in the form of alternating scour and
deposition areas lying parallel to the submerged rubble-mound breakwater. On the other hand, the
outer side of the sediment review area facing the direction of the waves achieves 7.83% of decregfiing
in sediment thickness due to extreme waves. In the case of the extreme waves simulatiom, the scour
depth in front of submerged breakwater decreases with respect to that experienced in the case of the
daily waves simulation. This is expected because the streaming in the extreme waves is weaker due to
the smaller reflection, therefore, the resulting scour will be smaller than that of the daily waves (varied
of the water depth and wave height).
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Figure 11. Sediment condition after loaded with daily waves simulation

4. Conclusions

Sedimentation in front of the rubble-mound breakwater due to daily and extreme waves simulations
was observed with a length of 750 cm and a width of 200 ¢m. The results of the analysis of all
observation points in the sedimentation study area experienced erosion, but the scour that occurred
was not constant. The maximum sediment erosion occurred in the outer side of the sediment research
arca facing the incident waves. Due to daily waves simulation, all the observation points reduced the
sediment thickness. On the other hand, three sediment thickness review points did not change, and 57
(fifty-seven) sediment thickness review points were decreased due to extreme waves simulation. The
maximum sediment scouring occurs in the outer side of the sediment review area facing the incident
waves also obtained by using Suffer software, the scour was 8.8% and 7.83% due to daily and extreme
waves, respectively. The scour in front of the submerged rubble-mound breakwater due to daily waves
was greater than due to extreme waves because the wave reflection due to extreme waves was weaker
than due to daily waves.

Suggestions that can be given based on the results of laboratory tests for sedimentation testing
in front of the three-dimensional submerged rubble-mound breakwater which are loaded by daily
waves and extreme waves are increasing the number of observation points in the sedimentation
research area. By decreasing the distance between the observation points, the data obtained will be
more accurate. Thus, not only scour data, but also sediment deposition data in the observation area can
be found. Analysis and modelling in future research can be done in more detail. Furthermore, the
impact of sedimentation on stability of the submerged rubble-mound breakwater due to daily and
extreme waves simulation will be studied in future research.

81




The Fourth International Conference on Sustainable Infrastructure and Built Environment

March 8-9, 2022

Acknowledgments

The authors would like to thank the Balai Pantai, Ministry of Public Works and Public Housing of the
Republic of Indonesia for providing the research facilities to undertake this research and the Institution
of Research and Community Services at Universitas Kristen Maranatha in Indonesia for providing the
grant.

References

[1] Balson P S and Collins M B 2007 Geol. Soc. Lon. Spec. Publ. 274 1

[2] Sawczynski S and Kaczmarek L M 2014 Tech. Sei. 17(2) 165

[3] Kraus N C 2005 Shore protection structures Encyclopedia of Coastal Science (Encyclopedia of
Earth Science Series) ed M L Schwartz (Dordrecht: Springer)

[4]  Fitri A, Hashim R, Abolfathi S and Abdul Maulud K N 2019 Water 11(8) 1721

[5] Mohamed Rashidi A H, Jamal M H, Hassan M Z, Mohd Sendek S S, Mohd Sopie S L and Abd
Hamid M R 2021 Water 13(13) 1741

[6] Cappietti L and Simonetti [ 2020 J. Coast. Res. 95(SI) 197

[71 Karambas T V and Samaras A G 2021 J. Mar. Sci. Eng. 9(10) 1108

[8] Bungin ER,PalluM S, Thaha M A and Lopa R T 2019 Int. J. Civ. Eng. Technol. 10(8)

[9] Temel A and Dogan M 2021 Ocean Eng. 221 108564

[10] Joshi P, Goyal P and Goyal P K 2022 Coastline Protection Using a Rubble Mound Seawall: A
Case Study Advances in Construction Materials and Sustainable Environment (Singapore:
Springer) pp 321-330

[11] Vicinanza D, Lauro E D, Contestabile P and Gisonni C 2019 Advances J. Waterw. Port Coast.
Ocean Eng. 145(4)

[12] Diaz-Carrasco P, Croquer S; Tamimi V, Lacey J and Poncet S 2021 J Mar. Sci. Eng. 9 611

[13] Hieu P D, Phan V N, Nguyen V T, Nguyen TV and Tanakae H 2020 Coast. Eng. J. 62(4)

[14] Zhao HY, ZhulJ F, Liu X L, Jeng D S, Zheng J H and Zhang J S 2020 Ocean Eng. 215 107891

[15] Fausset S 2017 Plymouth Stud. Sei. 10(1) 195

[16] Temel A and Dogan M 2021 Ocean Eng. 221 108564

[17] ScottR D, Turcke D J, Anglin C D and Turcke M A 1990 .J. Coast. Res. 7 pp 19-28

[18] Shabankarch O, Ketabdari M J and Shabankareh M A 2017 Int. J. Coast. Offshore Eng. 5 pp 9-
14

[19] Litwin U, Pijanowski J M, Szeptalin A and Zygmunt M 2013 Geomatics, Landmanagement and
Landscape 1 pp 51-61

82




Paper SIBE 2012

ORIGINALITY REPORT

1 2% 7% 8% 1%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

o0js.sites.ufsc.br

Internet Source

2%

o

sudartomas.files.wordpress.com

Internet Source

2%

e

sportdocbox.com

Internet Source

T

-~

H.Y. Zhao, J.F. Zhu, X.L. Liu, D.S. Jeng, J.H.
Zheng, J.S. Zhang. "Numerical investigation of
dynamic soil response around a submerged
rubble mound breakwater: |l. Loose sandy
seabed", Ocean Engineering, 2020

Publication

T

o

Submitted to Universiti Teknologi MARA

Student Paper

T

Nguyet-Minh Nguyen, Duong Do Van, Duy Tu
Le, Quyen Nguyen et al. "Experimental
modeling of bed morphological changes and
toe erosion of emerged breakwaters due to
wave-structure interactions in a deltaic coast",
Marine Geology, 2022

Publication

T



Theofano I. Koutrouveli, Enrico Di Lauro,
Luciana das Neves, Tomas Calheiros-Cabral et
al. "Proof of Concept of a Breakwater-
Integrated Hybrid Wave Energy Converter
Using a Composite Modelling Approach”,
Journal of Marine Science and Engineering,
2021

Publication

T

www.semanticscholar.org

Internet Source

T

etheses.uin-malang.ac.id
n Internet Source g <1 %
Diego Vicinanza, Pasquale Contestabile, <'I y
Jergen Quvang Harck Ngrgaard, Thomas °
Lykke Andersen. "Innovative rubble mound
breakwaters for overtopping wave energy
conversion", Coastal Engineering, 2014
Publication
doaj.or
Interngt Sourgce <1 %
Dong-Soo Hur, Tomoaki Nakamura, Norimi <1 o

Mizutani. "Sand suction mechanism in
artificial beach composed of rubble mound
breakwater and reclaimed sand area", Ocean
Engineering, 2007

Publication




Geeraerts, J.. "Effects of new variables on the
U <l%
overtopping discharge at steep rubble mound
breakwaters - The Zeebrugge case", Coastal
Engineering, 200902
Publication
homemarket.bn5.datapro.cz
Internet Source p <1 %
Memos, Constantine, George Bouckovalas, <'I o
and Alexandros Tsiachris. "Stability of Rubble- ’
Mound Breakwaters under Seismic Action",
Coastal Engineering 2000, 2001.
Publication
"Advances in Human Factors and Ergonomics
. . . . <l%
in Healthcare and Medical Devices", Springer
Science and Business Media LLC, 2021
Publication
Ayrton Alfonso Medina Rodriguez, Rodolfo <1 o
Silva Casarin, Jesus Maria Blanco llzarbe. "A °
3D boundary element method for analysing
the hydrodynamic performance of a land-
fixed oscillating water column device",
Engineering Analysis with Boundary Elements,
2022
Publication
Celia Magno, Maria, Luisa Bergamin, Maria <1 %

Grazia Finoia, Giancarlo Pierfranceschi,
Francesco Venti, and Elena Romano.



"Correlation between textural characteristics
of marine sediments and benthic foraminifera
in highly anthropogenically-altered coastal
areas", Marine Geology, 2012.

Publication

Tadeo de la Parra Fernando. "Utilizacion de la <'I o
curva masa en la seleccion de equipo de ’
terracerias", TESIUNAM, 1982

Publication

Myrhaug, D.. "Random wave-induced scour at <'I o
the trunk section of a breakwater", Coastal ’
Engineering, 200905/06

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



Paper SIBE 2012

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10




