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A b s t r a c t 
Natural factors in the form of large sea waves occur on the beach located in Tanjung Aru Village, East Sebatik District, 
Nunukan, North Kalimantan, causing the beach This area is experiencing a decline in the coastline or what is 
commonly referred to as coastal erosion. In connection with these conditions, there has been a breakwater detached 
as an effort to solve this problem to protect coastal areas that are experiencing erosion. But before that, it is 
necessary to conduct a wave analysis of the design of the breakwater detached to be built. Based on the calculation 
analysis that has been done, the significant wave height (Hs) is 4,361 meters and the significant wave period (Ts) is 
11.173 seconds. The pressure wave force (P) is 27.001 tons and the moment (Mp) is 92.612 tonmeters. Wave height 
measurements need to be carried out every month throughout the year in order to obtain a more representative 
picture of wave height. In addition, planning for the construction of breakwater needs to be considered again, 
especially on the dimensions of the breakwater structure. Moreover, the condition of the sea waves is fully developed. 
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1.  Introduction 

Indonesia, which is an archipelagic country, has a 
coastline of more than 81,000 km. Coastal areas in 
Indonesia have undergone rapid changes, so the 
coastal area management program is an activity 
that must receive serious attention. The coastal 
area is an area that is always changing. Changes in 
the characteristics of the coastal area occur due to 
the combination of several forces acting, including 
wave and wind forces. The beach is a moving area, 
because every change in these forces is always 
followed by a change in the beach. Coastal damage 
occurs as a result of processes and changes in force 
that occur.  

Waves are a major factor in determining the 
layout of ports, shipping lanes and coastal 
structures. Planning of coastal buildings must know 
or pay attention to the direction of knowing the 
height of the breaking waves that occur in the 

building. Ocean waves can be generated by the 
wind (wind waves), the attraction of the sun and 
moon (tidal waves), volcanic eruptions, or 
earthquakes at sea (tsunami), moving ships and so 
on. Wind speed allows the causes of natural 
phenomena, namely erosion, abrasion and 
sedimentation. Waves can also generate energy to 
form beaches, cause currents and transport in the 
direction perpendicular to the coast and parallel to 
the coast, and cause forces acting on coastal 
structures. 

The beach is an area on the edge of the water 
that is affected by the highest tides and the lowest 
low tides. Very long coastal areas, human activities, 
and development activities in coastal areas as well 
as natural factors such as waves, tides, and currents 
can have a negative impact on coastal areas by 
causing erosion and coastal sedimentation. Natural 
factors in the form of large sea waves occur on the 
beach located in Tanjung Aru Village, East Sebatik 
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District, Nunukan, North Kalimantan, causing the 
coast in this area to experience a coastline decline 
or what is commonly referred to as coastal erosion. 
If left unchecked, coastal erosion can cause 
enormous losses by destroying residential areas and 
existing facilities in the area. In connection with 
these conditions, a breakwater detached as an 
effort to protect the coastal area that is 
experiencing erosion. Coastal protection can be 
done in a natural way and the construction of a 
coastal protection structure. The purpose of making 
coastal protection is to avoid coastal erosion. But 
before that, it is necessary to have a wave analysis 
of the design of the breakwater detached to be 
built. 

  
2. Materials and Methods  

Location 

Location of this research is in East Kalimantan, 
Tanjung Aru Village, East Sebatik District, Nunukan. 

Data Collection Method The 

Method used to collect data is secondary data in 
the form of wind data, tidal data and wave data, 
literature in the form of articles, journals and the 
internet or publications from various sources 
related to research. 

Data 

Analysis Fetch analysis and to find out wave 
data, hindcasting which followed the method 
described in SPM (Shore Protection Manual). 

Research Flowchart Research 

Flow chart is depicted in the figure below to 
facilitate and direct the course of research. 

 
Fig. 1. Location of Wave Analysis on Breakwater 
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Fig. 2. Research Flowchart 

3. Results  
Wave Prediction with Return Period is Method 

Weibull. The calculation of the return period uses 

the significant wave heights that have been sorted 
in the table. The calculation results can be seen 
below. 

Table 1. Sorted Significant Wave Heights 
Year H33 
2008 3.286 
2017 2.584 
2020 2.505 
2006 2.195 
2007 2.194 
2013 2.146 
2011 2.035 
2009 1.867 
2012 1.784 
2014 1.642 
2010 1.630 
2016 1.530 
2019 1.259 
2018 1.258 
2021 0.839 
2015 0.796 
2022 0.545 

Table 2. Wave Height of the Weibull 
Return 
Period yr 

Hsr 
τnr τr 

Hsr-
1.28τr 

Hsr+1.28τr 

Tahun m m m 
2 0.613 1.678 0.458 0.286 1.311 2.044 
5 1.886 2.293 1.067 0.667 1.439 3.147 

10 3.041 2.851 1.674 1.046 1.513 4.190 
25 4.753 3.679 2.588 1.617 1.609 5.749 
50 6.164 4.361 3.347 2.091 1.685 7.038 
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100 7.662 5.085 4.153 2.595 1.764 8.407 

 

 
 
 
 
 
 
 
 
 
 

Fig. 3. Graph of Weibull’s 
 

From the results of the determination of the 
wave return period above, the significant wave 
height from the next 2 years to 100 years is getting 
higher. This data becomes more accurate because it 
has been tested with an 80% confidence interval. 
Where the value of the significant wave is in the 
specified confidence interval (Hs value - 1.28σr and 
Hs value +1.28σr ). So that the data can be used as a 
reference in the construction of coastal protection 
structures. The wave height of the 50-year return 
period used is the wave height using the Weibull , 
which is 4,361 meters with a wave period of 11,173 
seconds. 

 

Tidal Data   

Observations were carried out on September 19 
to October 3, 2010. Based on the results of data 
analysis, it was found that the tidal type is mixed 
tide tends to be double, meaning that in a day there 
are two high tides and two low tides but high and 
low tides. the period is different. And also obtained 
the planned elevations: 

 
Table 3. Elevation of Tidal Beaches in Tanjung Aru Village, Nunukan, North Kalimantan 

Elevasi  Calculation  Results (cm)  

HHWL  S0+(M2+S2+K2+K1+O1+P1)  499.822  

MHWL  S0+(M2+K1+O1)  365.294  

MSL  SO  238.530  

MLWL  S0-(M2+K1+O1)  111.766  

LLWL  SO-(M2+S2+K2+K1+O1+P1)  -22.761  

 
Calculation of Refraction 

The refractive coefficient is calculated based on 
the value of the wave propagation speed and the 
angle of incidence of the wave. The value of the 
refraction coefficient obtained from the calculation 
is 1 m/s. You can see the formula below. 

𝐿𝑜 = 1,56 𝑇2 

𝐿0 = 1,56 (11,173)2 = 194,754 𝑚     →      𝐶0 =
𝐿0

𝑇

=
194,754

11,173 
= 17,430 m/d 

𝑑

𝐿0

=
0,2

194,754
= 0,0010  →    

𝑑

𝐿
= 0,012   →    𝐿

=
0,2

0,012
= 16,66 𝑚 

𝐶 =
𝐿

𝑇
=

16,66

11,173
= 1,491 𝑚/𝑑 

sin 𝛼 = (
𝐶

𝐶0

) sin 𝛼0 =
1,491

17,430
sin 0o = 0o 

𝐾𝑟 = √
cos 𝛼0

cos 𝛼
= √

cos 0𝑜

cos 0𝑜
= 1 𝑚/𝑑 

Calculation of Equivalent Wave Height Wave 

-1.000

1.000

3.000

5.000

7.000

9.000

2 5 10 25 50 100
Return Period (T)

Hsr Hsr-1,28Tr

Hsr+1,28Tr Linear (Hsr-1,28Tr)

https://creativecommons.org/licenses/by/4.0/


 
Maritime Technology and Society          30 

 

E-ISSN: 2828-6669; P-ISSN: 2828-7010 

This work is licensed under a Creative Commons Attribution 4.0 International License. 

Height in the deep sea is calculated based on the 
value of wave height, coefficient of refraction and 
coefficient of siltation. The wave height in the deep 
sea (H0) is 4,361 meters. Furthermore, the 
equivalent wave height value (H'0) is 10.898 meters. 

𝐻′ = 𝐾𝑠 × 𝐾𝑟 × 𝐻0 

𝐾𝑠 = √
𝑛𝑜𝐿𝑜

𝑛 𝐿
= √

0,5 × 194,754

0,9972 × 15,625
= 2,499 

 

Coefficient shoaling (Ks) at sea in the value of n0 is 
0.5 

From the calculation of the coefficients above, 
the equivalent wave height (H') is obtained as 
follows: 

𝐻 = 𝐾𝑠 × 𝐾𝑟 × 𝐻𝑜 

= 2,499 × 1 × 4,361 = 10,898 𝑚𝑆 

Calculation of the Height and Depth of Breaking 
Waves Based on the Direction of the Waves 
Coming (Hb and db) 

In the modeling that has been carried out, it can 
be seen that the highest wave height occurs from 
the east. So that the calculation of breaking waves is 
carried out for the direction of the incoming wave 
from the east. The beach which is located in Tanjung 
Aru Village is a beach that stretches from south to 
north. The direction of the waves comes from the 
east (Angle to the perpendicular to the coast, o = 
0°). The breaking wave height is 4,841 m and the 
breaking wave depth is 5,989 m. 

Calculation of Breakwater Detached 

The type of breakwater is detached breakwater 
with a slope of 1:2. The structure uses crushed 
stone material. From the wave height modeling, the 
wave height value at the building site is 2.227 m and 
is at a depth of (d) 1.75 m from the LWS. 

Behind breakwater is formed by a button, so that it 
is obtained: 

Distance from the design water level elevation = 
6,025 m. The distance from the shoreline to the 
breakwater is 300 m, length Breakwater = 480 m 
Distance between breakwaters = 384 m. 

 
Fig. 4. Detached Breakwater 

 

Wave Length and Height 

From the previous calculations, the following 
values are known: 

Significant wave height (Hs)          = 4.361 m 

Significant wave period (Ts)          = 11,173 s Deep 

Sea wave length (L0)                       = 194.754 m 

Equivalent wave height (H'0)          = 10,898 m 

Then the following calculations are carried out: 
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𝐻′0

𝐿0
=

10,898

194,754
= 0,055 

𝑑

𝐿0
=

1,75

194,754
= 0,0089 

Next calculate the wave depth value using the 
following equation: 

𝑑𝑏𝑤 = 𝑑 + 6,025 × 𝐻1
3

 

= 1,75 + 6,025 ×
1

30
× 4,361 

= 2,625 𝑚 

The maximum wave height (Hmax) is obtained 
using the following formula: 

𝐻𝑚𝑎𝑥 = 1,8𝐻 

= 1,8 × 4,361 

= 7,84 m 

Wave Pressure 

Known based on the function d method /L. 

 
Fig. 5. The d/L function for increasing the value of d/LO 

 
Coefficient of wave pressure: 

𝑎1 = 0,6 +
1

2
{

(
4𝜋𝑑

𝐿
)

𝑠𝑖𝑛ℎ (
4𝜋𝑑

𝐿
)

}

2

 

= 0,6 +
1

2
{
0,1587

0,1594
}

2

 

= 1,09 

𝑑𝑏𝑤 − ℎ

3𝑑𝑏𝑤

(
𝐻𝑚𝑎𝑥

ℎ
)

2

=
2,476 − 0,5

3 × 2,476
(

7,84

0,5
)

2

 

= 65,40 

2𝑑

𝐻𝑚𝑎𝑥

=
2 × 1,75

7,84
= 0,446 

𝑎2 = 𝑚𝑖𝑛 {
𝑑𝑏𝑤 − ℎ

3𝑑𝑏𝑤

(
𝐻𝑚𝑎𝑥

ℎ
)

2

,
2𝑑

𝐻𝑚𝑎𝑥

} 

= 𝑚𝑖𝑛{65,40 ∶ 0,446} = 0,851 

𝑎3 = 1 −
𝑑′

𝑑
{1 −

1

𝑐𝑜𝑠ℎ (
2𝜋𝑑

𝐿
)

} 

= 1 −
6,025

1,75
{1 −

1

1,0031
} = 0,989 
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So from the calculation results, we get a value of 
a1= 1.09, a2= 0.851, and a3= 0.989 

Next, the wave pressure will be determined: 

𝑝1 =
1

2
(1 + cos 𝑏)(𝑎1 + 𝑎2𝑐𝑜𝑠2𝑏)𝑔0𝐻𝑚𝑎𝑥 

1

2
(1 + cos 0,824𝑜)(1,09 + 0,851 𝑐𝑜𝑠20,824𝑜) 1,03

× 7,84 = 3,995 𝑡/𝑚2 

𝑃2 =
𝑃1

𝑐𝑜𝑠ℎ (
2𝜋𝑑

𝐿
)
 

=
3,995

1,0031
= 3,982 𝑡/𝑚2 

𝑃3 = 𝑎3 × 𝑝1 

= 0,989 × 3,995 = 3,951 𝑡/𝑚2 

So, from the calculation results obtained the 
value of P1= 3.955, P2= 3.982, and P3= 3.951. Then 
calculate the upward pressure using the following 
formula: 

𝑃𝑢 =
1

2
(1 + cos 𝑏)𝑎1 × 𝑎3 × 𝑔0 × 𝐻𝑚𝑎𝑥 

=
1

2
(1 + cos 0,824𝑜) × 1,09 × 0,989 × 1,03 × 7,84

= 8,704 𝑡/𝑚2 

From the calculated wave pressure, namely Pu= 
8,704 t/m2, then the wave force and moment 
generated by the wave against the foot of the 
building can be calculated as follows: 

The maximum elevation at which the pressure 
wave acts. 

ℎ∗ = 0,75(1 + cos 𝑏)𝐻𝑚𝑎𝑥 

0,75(1 + cos 0,824𝑜)7,84 = 11,75 

𝑑𝑐
∗ = 𝑚𝑖𝑛{ℎ∗: 𝑑𝑐} 

= 𝑚𝑖𝑛{11,75: 2} = 2 

𝑃4 = 𝑃1 (1 −
𝑑𝑐

ℎ
) 

3,955 (1 −
2

11,75
) = 3,281 𝑡/𝑚2 

So, the maximum elevation of the wave pressure 
distribution to sea level is h = 11.75 and the value of 
P4= 3.281 t/m2. Furthermore, the wave force and 
moment can be calculated. 

𝑃 =
1

2
(𝑃1 + 𝑃3)𝑑′ +

1

2
(𝑃1 + 𝑃4)𝑑𝑐

∗ 

=
1

2
(3,955 + 3,951) × 5 +

1

2
(3,955 + 3,281) × 2

= 27,001 𝑡 

𝑀𝑝 =
1

6
(2𝑃1 + 𝑃3)𝑑′2 +

1

2
(𝑃1 + 𝑃4)𝑑′ × 𝑑𝑐

∗

+
1

6
(𝑃1 + 2𝑃4)𝑑𝑐

∗2
 

=
1

6
(2 × 3,955 + 3,951)52 +

1

2
(3,955 + 3,281)5 × 2

+
1

6
(3,955 + 2 × 3,281)22

= 92,612 𝑡𝑚 

So, the pressure wave force (P) is 27.001 tons 
and the moment (Mp) is 92.612 tonmeters. 

4.  Conclusions  

Based on the calculation, it is found that the 
significant wave height (Hs) is 4,361 meters and the 
significant wave period (Ts) is 11.173 seconds. The 
pressure wave force (P) is 27.001 tons and the 
moment (Mp) is 92.612 tonmeters. Wave height 
measurements need to be carried out every month 
throughout the year in order to obtain a more 
representative picture of wave height.development 
planning, breakwater necessary to pay attention to 
the structure breakwater. Moreover, the condition 
of the sea waves is fully developed. 
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