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ABSTRACT

Ports are crucial infrastructure supporting a nation’s economy.
However, port utilization in Indonesia remains suboptimal due to
high sea waves that can damage infrastructure and disrupt
operations. A solution is the construction of Floating Breakwaters
(PGA). This study analyzes the effect of spacing between dual-
configured concrete PGAs on mooring rope forces using a
catenary system. The Smoothed Particle Hydrodynamics (SPH)
method with DualSPHysics sofiware was used to determine
maximum stress on the mooring ropes. Results show that PGA
spacing influences mooring tension. In variant A, spacing from 20—
30 cm reduces the force by 20%, while 30—40 cm increases it by
1%. In variant B, spacing from 50-75 cm increases tension by 8%,
while 75 cm—1 m decreases it by 16%. Wave height and period also
affect tension. The maximum force for variant A with a single
configuration occurs at a wave height of 0.18 m and a period of
2.21 s, reaching around 185 kN at the anchor and 188 kN at the
fairlead. For variant B, the maximum is at a height of 0.28 m and
a period of 2.84 s, reaching about 360 kN. In dual configuration,
maximum force occurs at 0.2 m spacing for variant A and 0.5 m
for variant B.

Keywords: Floating Breakwater, Catenary Mooring System,
Mooring Line Tension, Concrete, DualSPHysics..

1. INTRODUCTION

Ports are one of the important infrastructures in
supporting the economy in a country. However, the use of
ports in Indonesia has not been fully optimal. One of the
factors that hinders port optimization is high sea waves.
High sea waves can cause damage to port infrastructure,
thus disrupting the loading and unloading of goods and
passengers. In general, these problems can be solved by
building coastal protection structures in the form of
breakwaters [1]. However, not all ports in Indonesia can be
built with a breakwater using the soil clearing method
(rubblemound breakwater). Some ports in Indonesia have a

deep enough sea depth so that if a breakwater is built, the
soil clearing method will take expensive costs and a long
time. To overcome these problems, the construction of
floating breakwaters (floating breakwater) is a solution that
must be considered.

Floating breakwaters (PGAs) have brought significant
innovations in efforts to protect ports from high sea waves
in locations where conventional breakwaters have proven
ineffective. Conventional breakwaters require complex
planning and construction, and require the use of heavy
materials at a low cost. Even so, in deep waters with the
same depth, the construction of PGAs has a cheaper cost
when compared to conventional breakwaters [2]. Other
advantages of PGA are efficiency that is not affected by
tides and sea level changes, minimal environmental impact,
low construction and demolition costs, short installation
times, and the flexibility to adjust modules and layouts to
accommodate future changes in use [3].

This study uses the SPH method with DualSPHysics
software which has been proven to be accurate in simulating
the movement of floating structures under the influence of
regular waves [4]. PGA performance is affected by
immersion depth and wave conditions, but is hardly affected
by the density and gravity of the ballas water [5]. Previous
research has shown that twin PGAs are superior in wave
filtering over single PGAs [6]. In addition, the distance
between PGAs with dual configurations can affect the
performance of damping waves and voltages on the mooring
rope [7]. This research will model a double-configuration
concrete PGA and design a mooring system catenary with a
variation in distance, focus on the mooring system voltage
so0 as not to exceed the limit breaking load appropriate rules.

2. RESEARCH DESCRYPTION
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2.1 Research Data

The data needed in this study is the data of the existing
numerical flume tank model modeled for the simulation.
Existing PGAs are also modeled to be simulated on
numerical flume tanks that have been created for validation
aimed at ensuring that the results of numerical experiments
reflect real-world situations as accurately as possible. Model
data from numerical flume tanks and existing PGA can be
seen in Table 1.

Table 1. Data Existence

Data Type Information Scaled Value Unit
Long 0,745 m
PGA Structure Wide 0.5 m
Data
Tall 0,3 m
Depth 0,514 m
Environmental .
Data Wave Height 0,05 m
Wave Period 1,2 S

The data that will be used for the simulation in this study
is PGA structure data. There are 2 variants of the PGA
model that will be compared to the simulation results. The
dimensions of each variant will be scaled 1:10 according to
the Froude Scale Law shown in Table 2.

Varian A

Tall 3m 0,3 m
Freeboard 200 ton 200 kg
Density 0,8 m 0,08 m

Environmental data parameters are obtained based on
real-world conditions, adjusted to the potential location of
concrete PGAs. The variation of the environmental data also
depends on the PGA variant to be tested. Variant A,
designed for calmer ocean conditions, will be tested with
environmental data that tends to be smaller than Variant B.
The two main parameters to be tested are wave height and
wave period which can be seen in Table 3.

Table 3. Environmental Data

gép:: of Information Original Value Scaled Value

1,4m 0,14 m

Wave Height 1,6 m 0,16 m

Varian A 1,8 m 0,18 m

4s 1,26s

Wave Period 6s 1,89 s

7s 221s

2m 0,2 m

Wave Height 2,4 m 0,24 m

. 2,8 m 0,28 m
Variant B

4s 1,26 s

Wave Period 7s 221s

9s 2,84

The distance test data between PGA structures is made
based on the width of the PGA structure that has been scaled.
In accordance with the reference dimensions of the PGA

Varian A
structure contained in Table 3, the distance between the
J _l structures will also be adjusted to the scale of 1:10 using the
Froude Scale Number. For each variant, the spacing
between the structures for the PGA configuration in detail
can be seen in Table 4.
¥e - Varisa hgoonbne s
\ Z T F—l‘ bl—l
h ﬁ J 0,514m
Varian B !
VerinB Y Picture 2. Simulation Scheme
Table 4. Interstructural Test Distance
.J J Types of PGAs Distance Variation Test ]()nlqs)tance
. . . . 05L 0,2
Picture 1. Isometric PGA Variant A and Variant B Appearance )
Table 2. PGA Structure Data Varian A 0.75L 0,3
L 0,4
Types of . . Scaled ’
PGAs Information Original Value Value 05L 05
Long 20 m 2m Variant B 0.75L 0,75
Wide 4m 0,4 m L 1
Varian A Tall 1,8 m 0,18 m 22N ical Modeli £FI Tank and PGA
. meri in m nk an
Freeboard 55 ton 55kg umerica odeling o ume Tank a
. Structure
Density 0,5m 0,05 m . o
Long 20m m The numerical data of the existing tank flume that has
Variant B . . . e
arian Wide 1025 m 1,025 m been obtained is modeled on DualSPHysics for validation.
®



http://iptek.its.ac.id/index.php/ijoce/index

Yolanda, N., et al.: Analysis The Effect ...

Catenary System Using Dualsphysics

The data will be used for further analysis. The schematic of
the numerical flume tank model is shown by Figure 3.

Picture 3. Schematic Model Numerical Flume Tank on DualSPHysics

After the numerical flume tank modeling is carried out,
the modeling validation is carried out to find out that the
tank flume model that has been made can be used for further
analysis. Validation begins with remodeling the existing
PGA structure to be simulated on a previously modeled tank
flume.

Picture 4. PGA Configuration Model Schematics on DualSPHysics

The simulation results are in the form of PGA or RAO
structure movement characteristics compared to the RAO
from Chen et al. (2023). The modeling carried out is based
on 2D so that the resulting RAO is only surge, heave, and
pitch. The tolerance value of the RAO comparison
difference must be less than 10%. The validation results
shown by Tables 5 — 7 show that the RAO results have a
percentage difference of less than 10%. The RAO
comparison can also be seen in Figure 4. Therefore, the
results of numerical flume tank modeling can be used for
further analysis.

Validasi RAO Heave

2.0 2.0

Validasi RAO Surge

1.5
» ‘/'F‘\*g
0.5
0.0 0.0
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Wave Period (s) Wave period (s)
——@— Chen, dkk. (2023) ——@—— Current Mode ——@— Chen, dkk. (2023) =@ Current Model
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RAO (m/m)

o
o

Validasi RAO Pitch
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Picture 5. RAO Validation Graph
Table 5. RAO Validation Results Heave

RAO Heave (m/m)
Wave
. Error Remarks
Period (s)
Chen dkk. (2023) Current Model
1 0.628 0.598 4.81% PASS
1.2 1.222 1.281 4.84% PASS
1.4 1.314 1.358 3.34% PASS
1.7 1.164 1.115 4.23% PASS
2 1.147 1.098 4.27% PASS
Table 6. RAO Validation Results Surge
RAO Surge (m/m)
Wave
. Error Remarks
Period (s)
Chen dkk. (2023) Current Model
1 0.691 0.724 4.71% PASS
1.2 0.714 0.736 3.04% PASS
14 1.143 1.12 2.00% PASS
1.7 1.257 1.218 3.11% PASS
2 1.6 1.574 1.63% PASS
Table 7. RAO Validation Results Pitch
RAO Pitch (deg/m)
Wave
. Error Remarks
Period (s)
Chen dkk. (2023) Current Model
1 2.148 2.236 4.11% PASS
1.2 7.977 8.122 1.81% PASS
1.4 6.068 6.347 4.59% PASS
1.7 2.727 2.641 3.16% PASS
2 1.977 1.921 2.85% PASS

2.3 Structural Modeling of Variant A and Variant B

The PGA Variant A and B models were modeled using
FreeCAD software and then integrated with the numerical
flume tank model that had previously been validated. This
PGA model follows the model data that has previously been
obtained from the dimensions, structure, and geometry of
the PGA that have been scaled as shown in Table 2. The
results of modeling the structure of PGA can be seen in
Figure 5 and Figure 6.
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3. RESULTS AND DISCUSSION

3.1 Influence of Hydrodynamic Parameters

The Tension that occurs on the mooring rope is affected
by the hydrodynamic parameters, i.c. the wave period and
wave height. The variation in hydrodynamic parameters
shows different stress values. Regardless of the variant used,
hydrodynamic parameters show an influence on the
maximum stress value that occurs in PGA. To measure the
influence of hydrodynamic parameters, it can be seen
through the change in the non-dimensional magnitude of the

Picture 6. PGA Variant A Modeling Scheme on DualSPHysics

wave slope on the mooring rope force. . (H / gTz)

Figure 9 shows the relationship between wave slope and
mooring rope force in PGA variant A. The results show that
the trend of mooring rope force tends to decrease along with
the increase in wave slope. However, when viewed in more
detail, it can be seen that the mooring rope force has a
similar pattern in terms of the increase in rope force that
occurs. The pattern of increasing the maximum tension
value of the mooring rope can be observed at each variation

Picture 7. PGA Variant B Modeling Scheme on DualSPHysics

2.4 Mooring System Modeling in wave height and a given wave period. This suggests that
Modeling of mooring ropes on PGA was carried out using although in general the mooring rope force decreases with
DualSPHysics software. The modeling of the mooring increasing wave slope, there are specific moments where the
system configuration was carried out with a configuration of maximum tension experiences - a con§1stent mcrease,
2 symmetrical mooring lines. The specifications of the reflecting the complexity of the interaction between the
mooring rope used in this study are shown in Table 8. wave and the mooring rope.
; : : 250
Table 8 Specification of Mooring Rope Tunggal
Description Scaled Value 200 A: AS=20cm
A -
Rope Length 1,2m 150 - mS=30cm
Diameter 3,6 mm = ;'
Mass per unit length 66 kg/100 m E 100 i
Stiffness 2900 N 2
MBL 1020.2 N =
Material High Modulus Polyethylene ‘Dynema ® SK75° 0
] , , 0 0.005 0.01 0.015
The cqnﬁguratlon of the mooring rope on th.e PGA is H/gT~2
symmetrical on each side. To make the analysis process : o : '
easier, each rope has been given a name to define it. The Picture 9. Relationship of Wave Slope to Mooring Rope (Variant A)
naming of the mooring rope in detail is shown by Figure 8. 400 Tunggal
ungga
Arah gelombang 300 A S =50cm
= —1 mS=75cm
FO F1
0,514m Lo L1 E 200
¥ A0 1 .g
2100
Arah gelombang g
- | | 1
FO F1 F2 F3 0
os14m L - L2 L3 0 0.005 0.01 0.015 0.02
v AO 1 A2 A3 H /gTA 2
Picture 8. Single and Dual Configuration PGA Mooring Rope Naming Figure 10. Relationship of Wave Slope to Mooring Rope (Variant B)

PGA variant B has the same pattern as variant A, namely
the trend of the mooring rope style which tends to decrease
with the slope of the wave as shown in Figure 10. However,
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there is still a pattern of increasing the maximum tension
value of the mooring rope at each wave height and a certain
wave period. This shows that the slope of the wave has an
influence on the tension of the mooring rope. Thus,
hydrodynamic parameters can affect the magnitude of the
mooring rope force that occurs in PGA for both variants.

3.2 Dual Configuration Mooring Rope Tension Analysis

In addition to the parameters of wave height and wave
period, another parameter that will be discussed in this study
is the distance between the structures which is devoted to
analyzing the effect of the distance between PGA structures
in a dual configuration on the mooring rope force. The
comparison of the distance between the PGA structure and
the mooring rope force is shown by Figure 11 and Figure 12.
Both variants provide results in the form of a trend in the
style of mooring ropes that tend to be inconsistent with the
distance between structures.

PGA Variant A has the same pattern at T = 1.89 s and T
= 2.21 s for each Hs condition, which has a decrease in the
mooring rope force from a distance of 20 c¢cm to a distance
of 30 cm by 6 — 38%. Then, from a distance of 30 cm to 40
cm, the force of the mooring rope also decreased by 2 — 13%,
except for Hs = 1.8 m which increased by 8 — 11%.
Meanwhile, for T = 1.26 s has a different trend compared to
other T variations. At a distance of 20 cm to 30 cm, the force
of the mooring rope tends to increase by 21 — 30% and
decreases at a distance of 30 cm to 40 cm by 6 — 12%.

PGA Variant B shows a different trend from Variant A.
At T =1.26 s, the mooring rope force increases by 25 — 28%
from a distance of 50 cm to 75 ¢cm, and from a distance of
75 cm to 1 m decreases by 32%. There was an anomaly that
occurred in the period T = 1.26 s, namely when the wave
height was 2.8 m, where the mooring rope force decreased
by 10% from a distance of 50 cm to 75 cm and an increase
of 11% from a distance of 75 cm to 1 m. When T =2.21 s,
the mooring rope force showed a similar trend, namely an
increase from a distance of 50 cm to 75 cm by 28 — 56% and
a decrease from a distance of 75 cm to 1 m by 15 — 32%.

Overall, the difference in distance has a significant
influence on the magnitude of the mooring rope force. In
variant A, the average decrease in mooring rope force is
20% from a distance of 20 cm to 30 cm and an increase of
1% from a distance of 30 cm to 40 cm. Meanwhile, in variant
B, the average increase in mooring rope force is 8% and a
decrease of 16% from a distance of 75 cm to 1 m. However,
the large number of anomalies that occur suggests that more
research is needed to better understand this phenomenon and
reduce the uncertainty that exists in the results obtained.
This is important to ensure that the analysis carried out truly
reflects real conditions and can be used as a basis for more
accurate decision-making in the future.
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Figure 11. Graph of the Relationship between Structures to the Force of the
Mooring Rope (Variant A)

Varian B (Hs =0,2m)
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Figure 12. Graph of the Relationship between Structures to the Force of the
Mooring Rope (Variant B)

3.3 Comparison of Single and Dual Configurations
The comparison of mooring rope styles between single
and double configurations for both variants is shown by

Table 9. and Error! Reference source not found.Table 10.
Table 9. Comparison of PGA Variant A Single and Dual Configuration

The best distance configuration that has the ability to reduce
the tension of the mooring rope is 100 cm with a reduction
of 28.73%. The average reduction in mooring rope force by
the dual configuration of variant B was 21.7% compared to
the single configuration.

3.4 Safety Factor Testing

In the rope tension analysis of PGA Variant A and B
structures, the results of the maximum tension are used to
calculate the safety factor in all loading conditions.
According to the API, the safety factor of the mooring rope
configuration during dynamic conditions is 1.67. The results
of the calculation of the safety factor are shown in Tables 11
— 14. Based on the results of the maximum tension of the
mooring rope, its safety factor is valued above 1.67 which
means the configuration of the mooring system and its
properties are fit to operate.

Table 11 Safety Factor Single Variant A Mooring Rope Tension

Max

Configuration Ave.rage Maximum Voltage Value Drop
Type Maximum compared to Single Configuration
P Voltage (N)
Single 113.54 -
Ganda S =20 cm 114.80 1.11%
Ganda S =30 cm 91.95 -19.01%
Ganda S =40 cm 92.80 -18.27%
Table 10. Comparison of PGA Variant B Single and Dual Configurations
. Ave‘rage Maximum Voltage Value Drop
Configuration Type Maximum compared to Single Configuration
Voltage (N) P £ s
Single 209.05 -
Ganda S =50 cm 164.28 -21.42%
Ganda S =75 cm 177.79 -14.95%
Ganda S =100 cm 148.99 -28.73%

It can be seen in Table 9 that dual configurations almost
always have the ability to reduce mooring rope tension
compared to single configurations. The distance
configuration that has the best ability to reduce the tension
of the mooring rope is 30 cm, with a reduction of 19.01%.
However, in the configuration of the distance between the
structures of 20 cm, there is an increase in the mooring rope
force by 1%. Although this number is still relatively small,
this increase indicates the variability in the response of the
mooring rope to changes in the distance between structures.
Overall, the average reduction in mooring rope force by the
dual configuration of variant A is 12.06% compared to the
single configuration.

The result of the dual configuration of variant B has
always had the ability to reduce the mooring rope force
compared to the single configuration as shown by Table 10.

He‘izzrim) Pe‘l)"i]:(‘l,e(s) Te('l‘\?;"“ MBL(N) Siﬁf,yr Status
1.26 73.990 1379 PASS
0.14 1.89 82.075 1020.2 12.43 PASS
221 94.191 10.83  PASS
1.26 85.404 11.95  pASS
0.16 1.89 98.747 1020.2 10.33 PASS
221 143.531 7.11 PASS
1.26 109.832 929  PASS
0.13 1.89 146.574 1020.2 6.96 PASS
2.21 187.540 5.44 PASS

Table 12 Safety Factor Single Variant B Mooring Rope Tension
lz?glft P;‘iloa(vle(s) TeMn:;f)n MBL(N) I?:gg Status

(m) )

1.26 107.50 9.49 PASS
0.2 221 184.10 1020.2 5.54 PASS
2.84 254.41 4.01 PASS
1.26 126.94 8.04 PASS
0.24 221 236.25 1020.2 4.32 PASS
2.84 245.12 4.16 PASS
1.26 148.36 6.88 PASS
0.28 221 216.40 1020.2 4.71 PASS
2.84 362.42 2.81 PASS

Table 13 Safety Factor Tension Mooring Rope Variant A Dual
Configuration

Wave Max.

No. Description Period Tension MBL(N) ]?afety Status
actor
) ™

A. Hs=0.14m
1 S=02m 1.26 35.95 28.38 PASS
1.89 70.75 1020.2 14.42 PASS
2.21 138.82 7.35 PASS
2 S=0,3m 1.26 4433 23.01 PASS

1020.2

1.89 66.33 15.38 PASS

¢
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®
No. Descripti :V riod TMa?" MBL(N) MY g Max.
0 escription e(l;l)o e(lll\?;on ™ Factor atus No.  Description P:X;;e(s) Tension MBL(N) ;:iet(?;_ Status
221 11494 8§88 PASS ®
3 S=0,4 m 1.26 40.41 25.25 PASS 284 182.70 5.58 PASS
1.89 57.64 1020.2 17.70 PASS C. Hs = 0.28 m
2.21 111.73 9.13 PASS
TS 126 112.90 9.04  PASS
| S=02m 126 4854 2102 pass | S=05m 221 18890 10202 540  PASS
1.89 123.10 1020.2 8.29 PASS 2.84 323.27 3.16 PASS
2.21 184.36 5.53 PASS 1.26 101.98 10.00 PASS
2 8=03m 126 6132 1664 PASS 5 §=075m 221 24212 10202 421  PASS
1.89 85.31 1020.2 11.96 PASS - 315.63 393 PASS
221 135.83 7.51 PASS
3 S=04m 126 60.04 1699 PASS 1.26 11324 901 PASS
1.89 81.60 10202 1250  PASS 3 8=1m 221 206.10 10202 495  PASS
221 13267 769  PASS )84 256.24 398  PASS
C. Hs=0.18m
1 S=0.2m 1.26 61.27 16.65 PASS
180 17543 10202 582 pass 4 CONCLUSION/SUMMARY
221 211.93 481  PASS Based on the analysis of the influence of the distance of
2 S=0,3m 1.26 78.08 13.07  PASS the concrete floating breakwater with multiple
1.89 109.12 1020.2 935  PASS configurations on the mooring rope force, the distance
221 157.98 646 PASS between the PGA structures significantly affects the
3 S=0,4 m 1.26 73.68 13.85  PASS magnitude of the mooring rope force. In variant A, the
1.89 118.02 1020.2 864  PASS mooring rope force decreases by 20% from a distance of 20
221 174.86 583  PASS cm to 30 cm and increases by 1% from a distance of 30 cm
Table 14 Safety Factor Tension Mooring Rope Variant B Dual to 40 cm. In variant B, the mooring rope force increased by
Configuration 8% and decreased by 16% from a distance of 75 cm to 1 m,
Mo with a number of gnomalies indi.cating the need for further
No.  Description PQ:;;I(Vle( 9 Tension MBL(N) ::ii?; Status  Yesearch. Wave height and dgratlon a.tlso gffc?ct the mooring
™) rope style on both PGA variants, with significant changes
between single and double configurations despite similar
A. Hs=02m trends. The maximum tension on the mooring rope varies:
1.26 94.46 10.80  PASS the single-configuration A variant reaches 185.189 kN at
1 S=05m 291 85.32 10202 1196 pass anchorand 187.54 kN at fairlead at 0: 18 meters wave height
- 131.44 776 PASS anq 2.21 sec wave period; The single configuration B
variant reaches 359.75 kN at anchor and 362.42 kN at
1.26 106.51 938 PASS  fairlead at a wave height of 0.28 meters and a wave period
2 §=0.75m 221 147.20 1020.2 6.93  PASS  0f2.84 seconds. In the dual configuration, variant A reaches
)84 158.00 6.46 PASS  221.93 kN on the L2 mooring line on the fairlead with a
126 99.46 1026 pass distance of 0.2 m, a wave height of 0.18 m, and a wave
i period of 2.21 s; variant B reaches 323.27 N on the mooring
3 $=1m 221 7247 10202 14.08 =~ PASS  1ine L0 and L2 on the fairlead with a distance of 0.5 m, wave
2.84 147.99 6.89  PASS  height of 0.28 m, and a wave period of 2.84 s. The average
B. Hs=024m reduction in mooring rope force by dual configuration was
126 139,56 731 pass  12.06% for Varia.nt'A and 21.7% for vari'ant' B.'The safety
factor for all variations was above 1.67, indicating that the
1 $=05m 201 9269 10202 1101  PASS ) . : .
configuration of the mooring system and its properties were
2.84 275.01 371 PASS it for operation.
126 118.99 857  PASS
2 $=075m 291 19880 10202 513  PASS
284 210.08 486 PASS
126 118.75 859  PASS
3 S=1m 1020.2
291 139.64 731 PASS
®
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