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ABSTRACT 
The pier is one of the primary means of sea transportation that 

continues to be developed to support equity activities and advance 

the community's economy. Bali is one of the main tourist 

destinations in Indonesia. The construction of the Sanur Floating 

Pier will create good connectivity between regions in Bali, which 

can become an additional tourist destination so that tourists can 

vacation longer in Bali. The purpose of this study was to determine 

the strength of the floating jetty structure through an analysis of 

the loading received by the structure and the resistance of the piles 

so that they can carry out designs related to the installation of 

strong and safe floating dock piles. In the analysis process, the 

author uses the help of Plaxis V.8.6 software to model the soil and 

AutoCAD 2018 as a support system in making the floating dock 

pile installation layout. The analysis results show that the floating 

dock can accept the forces acting on the structure. The UE RPD 

250 fender and the T-Head MT 20 type bollard are the right 

choices. The pile has a lateral force value (H) of 1907 kg with a 

deflection of 0.19 mm. The greater the number of piles installed on 

the floating pier, the stronger the structure is evidenced by the 

smaller pile settlement due to soil changes. 
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1. INTRODUCTION 

 
Regional development is an effort to change the current 

conditions into a new, better conditions for the greater 

prosperity of the people in the area. For this reason, it is 

necessary to develop adequate facilities and infrastructure to 

support economic progress. Indonesia is an 

archipelagic/maritime country, and shipping is crucial for 

social life, economy, government, and defense/security 

(Bambang Triatmodjo, 2010). 

In order to support economic progress in the Bali region, the 

Ministry of Transportation of the Republic of Indonesia is 

currently developing the Sanur Port. The port of Sanur, 

currently under construction, will connect areas known as 

the golden triangle, namely Sanur, Nusa Penida, and Nusa 

Ceningan. The groundbreaking was carried out by the 

Minister of Transportation of the Republic of Indonesia, 

Budi Karya Sumadi, at Matahari Terbit Beach, Sanur Kaja 

Village, South Denpasar District, Denpasar City, Bali 

Province. Bali is a major tourist destination. The presence of 

Sanur Port will create good connectivity between areas in 

Bali (Sanur-Nusa Penida-Nusa Ceningan), which can be an 

additional tourist destination so that tourists can vacation 

longer in Bali.  

 

 
Figure 1. Condition of Sanur Port (Source: Master Plan for 

Sanur Port, Denpasar City, Bali Province, Ministry of 

Transportation 2019) 

 

2. METHODOLOGY 

 
The research procedures in this study are: 

2.1 Study of Literature 

The literature study was conducted to find, study, and 

understand basic theories, literature reviews, journals, and 

books related to the final project. Plaxis V.8.6 and 

AutoCAD software were used to support this study. 

 

2.2 Data Collection 

1. Wind Data 

This analysis's wind data is derived from observations of the 

BMKG Ngurah Rai station in 2011-2020 (10 years). 

https://iptek.its.ac.id/index.php/ijoce/index
http://creativecommons.org/licenses/by/4.0/
mailto:free.eliezer@gmail.com
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Figure 2. Wind Rose Data 

 

2. Current Data 

Measure the tidal currents with the Acoustic Doppler 

Current Profiler (ADCP) type Argonaut XR 200 at positions 

309013.87 E and 9041508.53 S. 

 
Figure 3. Field Survey Location 

 

The results of plotting the current rose for the average of 

all cells (all depths) are as follows: 

 
Figure 4. Current Rose (Left) and Current Velocity Graph 

(Right) in Sanur Beach. 

 

3. Land Data 

Based on the Master Plan for Sanur Port, Denpasar City, 

Bali Province, the Ministry of Transportation 2019, two 

points have been drilled, namely the BH-1 point on land and 

the BH-2 point at sea to produce soil test data (Geotechnical). 

Because this research focuses on planning a floating jetty to 

be built on the sea, the data processed is Bore Log data at 

Sea (BH-2). 

 

Table 1. Bore Log Data at Sea (BH-2) 

 
 

2.3 Modeling 

1. Dock Modeling 

 
Figure 5.Sanur Floating Dock Layout 

 

 
Figure 6. Ship specification design 

 

Planned Ship Specifications: 

Ship Type : Passenger Ship 

Capacity  : 200 people 

Gross Tonnage : 116 GT 

Length (LoA) : 26 m 

Width (B) : 5.3 m 

Draft  : 1 m 

 

Tidal elevation at the site: 

High Water Spring, HWS: + 2,597 mLWS 

Lowest Water Spring, LWS: ± 0.00 mLWS 

 

December January 
February 

March April May 

June

 
 March 

July August 

https://iptek.its.ac.id/index.php/ijoce/index
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2. Land Modeling 

Soil modeling was carried out using Plaxis V.8.6 software 

to determine the soil changes that occurred (deformed mesh). 

 

2.4 Analysis and Discussion 

Determine the loading that occurs on the floating dock, 

determine fenders and bollards, analyze Broms lateral 

bearing capacity, analyze pile deflection, and analyze pile 

settlement using Plaxis V.8.6 software based on variations 

in Pile Installation Layout that has been made with the 

software AutoCAD 2018. 

 

2.5 Conclusions 

Conclusions are drawn that can answer the formulation of 

the problem from this research. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Loading  
3.1.1 Vertical Loading 

In this study, because the pier is a floating pier, the vertical 

motion or loading is freed (zero) because vertical loads such 

as live loads and dead loads are not supported by piles but 

are supported by water. Piles only get lateral loads. 

 

3.1.2 Horizontal Loading 

1. Berthing 

a) Determining Displacement tonnage (Ms) 

 

Table 2. Determination of Ship Tonnage Displacement 

 
 

Passenger ships (foreign) : 

Log (DT) = 0,341 + 0,891 log (GT) 

= 0,341 + 0,891 log (116) 

= 2,18 

DT = 151,36 ton 

 

b) Determine the speed of the mooring ship (v) 

 

 
Figure 7. The speed of mooring ship graph 

 

 

Table 3. Determination of the speed of mooring ship 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the figures and tables, the value of the speed of the 

mooring vessel can be obtained by: 

 

v = 0.179 m/s. 

 

c) Determining Virtual Mass Factor (CM) 

In determining the CM, the standard rules of PIANC (2002) 

are used, namely by comparing the value of Kc, namely the 

depth from the bottom of the ship with maximum draft 

conditions (D): 

 

 
Figure 8. CM Coefficient Calculation 

 

Then the value of the CM coefficient is obtained by: 

 
𝐾𝑐

𝐷
=  

1

1
 = 1 

So based on Figure 3.2, the calculation of the CM coefficient 

is as follows: 

CM = 1,5 

 

 

 

DWT 
Velocity (m/s) 

a b c d e 

1,000 0.179 0.343 0.517 0.669 0.865 

2,000 0.151 0.296 0.445 0.577 0.726 

3,000 0.136 0.269 0.404 0.524 0.649 

4,000 0.125 0.25 0.387 0.487 0.597 

5,000 0.117 0.236 0.352 0.459 0.558 

10,000 0.094 0.192 0.287 0.377 0.448 

20,000 0.074 0.153 0.228 0.303 0.355 

30,000 0.064 0.133 0.198 0.264 0.309 

40,000 0.057 0.119 0.178 0.239 0.279 

50,000 0.052 0.11 0.164 0.221 0.258 

100,000 0.039 0.083 0.126 0.17 0.2 

200,000 0.028 0.062 0.095 0.131 0.158 

300,000 0.022 0.052 0.08 0.113 0.137 

400,000 0.019 0.045 0.071 0.099 0.124 

500,000 0.017 0.041 0.064 0.09 0.115 
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d) Determining Eccentricity Factor  (CE) 

In determining the coefficient of eccentricity or CE, the 

assumption approach of the ship hitting the fender at the 

berthing time. There are three possible conditions when the 

ship docks, namely a quarter of the ship hitting the fender 

(Quarter-point berthing), a third of the ship hitting the fender 

(third-point berthing), and half of the ship hitting the fender 

(mid-point berthing). 

 

 
Figure 9. Determination of CE Coefficient 

 

In this case, it is determined based on the general case of 

the continuous berth with the initial assumption that the ship 

is moored at a position of one-third of the LoA (Third-point 

berthing). So with this assumption, the CE value can be 

determined as 0.8. 

 

e) Determining Cushion Coefficient (Cc) 

The coefficient Cc is chosen based on the type of 

construction used in the planned structure. Both are open, 

closed, or semi-open types of structures. The determination 

of the Cc coefficient can be seen in Figure 4.4. In addition 

to calculating the effect of bearings on the condition of the 

open pier structure, the value of Cc = 1.  

 

 
Figure 10.  Determination of Cc 

 

f) Determining Softness Coefficient (Cs) 

The coefficient Cs is determined to anticipate the effect of 

elastic deformation on the ship's condition and mooring 

construction which can be seen in Figure 3.5. It is assumed 

that there is no deformation, therefore the value of Cs = 1 

 

 
Figure 11.  Determination of Cs 

 

g) Determining Normal Kinetic Energy 

Determine the Normal Kinetic Energy, used following 

calculations are carried out: 

Ef = ( 
1

2
 × Ms × V2) × CM × CE × Cc × Cs 

Ef = ( 
1

2
 × 151,36 × 0,1792) × 1,5 × 0,8 × 1 × 1 

Ef = 2,91 kNm 

 

 

h) Determining Abnormal Kinetic Energy 

Determine the kinetic energy of ships moored in abnormal 

conditions using the following calculations are carried out: 

 

EA = Fs × Ef 

Information : 

Fs = Safety factor 

Ef = Kinetic energy of the normal collision 

 

Table 4. Abnormal moored ship safety factor 

 
EA = Fs × Ef = 2 × 2,91 = 5,82 kNm. 

 

2. The drag force of the ship on the bollard 

The ship is planned to be moored at the floating dock of 

Sanur with a Gross Tonnage (GT) of 116 tons. By looking 

at Table 3.4, it can be seen that the tensile force of this ship 

is 150 kN. Furthermore, the ship's pulling force on the 

bollard will be compared with the ship's pulling force due to 

currents and wind. 

 

Table 5. Determination of the Ship's Tensile Force on the 

Bollard 
Gross tonnage (GT) of 

vessel (tons) 

Tractive 

force acting 

on a mooring 

post (kN) 

Tractive 

force acting 

on a bollard 

(kN) 

200 < GT ≤ 500 150 150 

500 < GT ≤ 1,000 250 250 

1,000 < GT ≤ 2,000 350 350 

2,000 < GT ≤ 3,000 500 500 

3,000 < GT ≤ 5,000 700 500 

5,000 < GT ≤ 10,000 1,000 700 

10,000 < GT ≤ 20,000 1,500 1,000 

20,000 < GT ≤ 50,000 1,500 1,000 

https://iptek.its.ac.id/index.php/ijoce/index
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3. Wind load acting on the ship 

Based on wind data collected from observations of the 

BMKG Ngurah Rai station in 2011-2020 (10 years), the 

analysis results that the dominant wind is southeast with a 

speed of 7-11 knots. So for calculating the wind force acting 

on the ship, wind with a speed of 11 knots or 5.7 m/s. 

Calculation of wind force using the following equation: 

 

RX = 0,5. ρa × U2 × AT × CX 

RY = 0,5. ρa × U2 × AL × CY 

Information : 

RX = Wind force in the X direction, in the direction of the 

ship (kN) 

RY = Wind force in the Y direction, perpendicular to the 

ship (kN) 

CX = Coefficient of direction X = 1.5 (see Table 3.5) 

CY = Y direction resistance coefficient = 2,3 (see Table 3.5) 

 

Table 6. Wind Resistance Coefficient 

 
 

Pa = Density of the wind = 1.23 × 10-3 (t/m3) 

U = Wind speed (m/s) 

AT = The surface area of the ship above the water surface in 

the longitudinal direction (m2) 

 

= Width × (depth-draft) 

= 5.3 × 1 = 5.3 m2 

 

AL = The surface area of the ship above the water surface in 

the transverse direction (m2) 

 

= length of the whole ship (Loa) × (depth-draft) 

= 26 × 1 = 26 m2 

 

Then the calculation can be done: 

RX  = 0,5 × ρa × U2 × AT × CX 

RX = 0,5 × 1,23 × 5,72 × 10-3 × 5,3 × 1,5 = 0,16 kN 

RY = 0,5 × ρa × U2 × AL × CY 

RY = 0,5 × 1,23 × 5,72 × 10-3 × 26 × 2,3 = 1,19 kN 

 

4. Current load acting on the ship 

Based on the wind data shown in Figure 2.4, it is found that 

the current dominant moves to the northwest and southeast 

with a current speed of 2.5 – 5 cm/s. So the calculation of 

the current force acting on the ship using a current of 5 cm/s 

or 0.05 m/s. The equation for the current force is as follows: 

 

Rf = 0,0014 × S × Vx2 

R = 0.5 × ρ0 × C × Vy2 × B 

Information : 

Rf = mooring load due to current direction parallel to the 

ship (kN) 

R = The mooring load due to the direction of the current 

perpendicular to the ship (kN) 

S = The area of the bottom surface of the ship that is fully 

submerged (m2) 

 

= length of the entire ship (Loa) × width of the ship (B) 

= 26 × 5.3 = 137.8 m2 

 

Vx= Longshore current speed = 0.05 m/s 

Vy= Current velocity perpendicular to the coast = 0.05 m/s 

0= Density of seawater (t/m3) = 1.03 t/m3 

C = Coefficient of current pressure = 2.1 (see Figure 3.6) 

 

 
Figure 12. Current Pressure Coefficient 

  

B = projected hull area below the water surface (m2) 

 

= Loa length of ship × draft 

= 26 × 1 = 26 m2 

 

Then the following calculations can be performed: 

Rf = 0,0014 × S × Vx2 

Rf = 0,0014 × 137,8 × 0,0025 = 0,0005 kN 

R = 0,5 × ρ0 × C × Vy2 × B 

R = 0,5 × 1,03 × 2,1 × 0,0025 × 26 = 0,07 kN 

 

3.2 Fender and Bollard Criteria 
3.2.1 Fender 

1. Fender Type Selection 

Based on the ship's collision force calculation, the maximum 

Ef obtained is 5.82 kNm. Then the fender system is planned 
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to use Unit Elements. The fenders used are based on the 

Trelleborg Marine Systems catalog. Based on the 

description of the EU fender dimensions in table 3.6, the 

maximum Ef force can be accepted by one element with a 

length of 1m. So the ship collision force received by one EU 

fender element with a length of 1 m is: 

 

𝐸𝑓 =
5,82 𝑘𝑁𝑚

1
= 5,82 𝑘𝑁𝑚 

 

Based on the maximum Ef force that occurs in one element 

with the speed of the ship when moored (0.179 m/s), then 

the right fender was chosen, namely the UE RPD 250 fender 

with the ability to receive a force of up to 10.6 kNm and the 

resulting reaction of up to 103.8 kN. 

 

Table 7.  EU fender strength as per dimensions 

 
 

Table 8. EU fender dimensions by type 

 

 

 

 

 

Figure 13. EU fender dimension description 

 

Based on Table 3.7 and Figure 13, it is obtained: 

a. Weight = 38 kg/m 

b. Length = 1 m 

c. Height = 0.25 m 

 

2. Fender installation 

The fender installation distance can be calculated using the 

following equation : 

𝑃 ≤ 2√𝑅𝐵
2 − (𝑅𝐵 − ℎ + 𝑐)2 

Information : 

P = pitch of fender (distance between fenders) see Figure 13 

 
Figure 14.  Determination of pitch of fender 

 

RB = bow radius (m) 

H = projection of the fender under pressure, measured at the 

centerline of the fender 

C = distance between ship and wharf (C must be 5-15% of 

the projected fender not deflected, including fender panels) 

Before knowing the fender installation distance, we need 

first to determine the RB: 

 

𝑅𝐵 =
1

2
 ( 

𝐵

2
+

𝐿𝑜𝑎2

8𝐵
) 

 

Information : 

B = width of the ship 

Loa = length of the whole ship (m) 

 

𝑅𝐵 =
1

2
 ( 

5,3

2
+

262

8×5,3
) = 9,29 m 

 

Next is to determine the fender deflection, whose magnitude 

can be seen in table 3.8. 

 

Table 9. Deflection on Fender 

 
 

Then it can be analyzed that the deflection that occurs in the 

fender is: 

 

𝐸 =
5,82 𝑘𝑁𝑚

10,6 𝑘𝑁𝑚
= 55 % 

𝑑 = 35 +
55 − 54

65 − 54
= 35,1 % 
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Next, determine h : 

 

 ℎ = 𝐻 − 𝑑𝑒𝑓𝑙𝑒𝑘𝑠𝑖 = 0,25𝑚 − (0,25 × 0,351)𝑚
= 0,16 𝑚 

 

Next, determine C : 

 

𝐶 = 0,05 × 𝐻 = 0,05 × 0,25 = 0,013 𝑚   
 

So that it can determine the installation distance between 

fenders in the horizontal direction 

 

𝑃 ≤ 2√9,292 − (9,29 − 0,16 + 0,013)2 

𝑃 ≤ 3,29 𝑚 

 

 Then the installation distance between horizontal fenders 

can follow the distance between the transverse portals of the 

pier, which is 2 m. 

 

3.2.2 Bollard 

1. Bollard Pull Force 

Based on the calculation of the ship's pulling force on the 

bollard and the wind and current loads acting on the ship 

when it is moored, we can find out the following: 

a. The ship's pulling force on the bollard = 150 kN 

b. Longitudinal tensile force (due to wind and current) = 

0.1605 kN 

c. Tensile force transverse direction (due to wind and 

current) = 1.189 kN 

 It can be analyzed that the pulling force of the bollard used 

is the force due to the largest tug of the ship, which is 150 

kN 

 

2. Selection of bollard type 

The selection of the bollard type is based on the Maritime 

International Bollard Catalog as follows: 

 

 
Figure 15. Angle of the pull of the load to the bollard. 

 

Figure 16. Bollard Dimension 

 

In planning the floating jetty in Sanur, a T-Head MT 20 

bollard can be used because the strength of the bollard can 

withstand a pull of up to 20 tons or 196.13 kN and has a 

fairly large pull angle. 

3. Bollard Installation 

The installation distance between the bollards in the 

horizontal direction follows the distance between the 

transverse portals of the pier, which is 2m. 

 

3.3 Lateral bearing capacity of piles using the 

Broms method 
Broms lateral bearing capacity is calculated to determine the 

stability of the soil and whether it will collapse or not. The 

Broms method is only used on one soil. If the soil has 

various layers, the dominant layer represents all layers. 

From the soil test data (geotechnical) RPI Sanur 2019, it was 

found that the dominant layer is sand. 

a) Bore Log Data at Sea (BH-2) 

Soil Type = Granular (sand) 

Soil density (γ) = 20 kN/m3 (N-SPT value = 100) 

Soil shear angle (ø) = 44 o (N-SPT value = 100) 

Coefficient of soil variation (nh) = 34000 kN/m3 

b) Pile Data 

Pile Diameter (d) = 0.5 m = 50 cm 

Pile Length (L) = 8 m = 800 cm 

Concrete quality = 50 MPa 

Ultimate moment = 285 kNm (PT. WIKA Beton) 
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3.3.1. Check pile stiffness due to lateral load 

According to Broms, for piles in granular soils, the 

dimensionless factor L is associated with the following: 

 

𝛼 = [ 
𝑛ℎ

𝐸𝑝𝐼𝑝
]

1/5

 

nh = 34 kg/cm3 

Ep = 4700 √100 

= 47000 kN/m2 = 47 MPa = 479267 kg/cm2 

Ip = = 0,003 m4 = 300000 cm4 

Therefore 

𝛼 = [ 
34

479267∗300000
]

1/5

 = 0,0118 

𝛼L = 0,00118 * 800 = 9,44  

𝛼L > 4 

It can be concluded that the pile behaves like a long pole 

(not stiff). 

 

3.3.2 Calculating the magnitude of the lateral force 

Ultimate moment resistance 

 

 
Figure 17.  Graph of Maximum Moment Relationship with 

Ultimate Lateral Capacity 

 

 
The ultimate lateral resistance value (Hu) is 5.721 tons or 

5721 kg. Then, the permissible lateral force that is safe 

against soil and piles failure by taking the factor of safety F 

= 3 is 

Hallowable = Hu/F 

Hallowable = 5721/3 

Hallowable = 1907 kg 

 

Then the value of the lateral force allowed for the long (not 

rigid) free end (free head) pile is H = 1907 kg. 

 

3.4 Pile Deflection 
The magnitude of the deflection of the long (non-rigid) pile 

with free ends can be calculated by: 

 

 

𝑦𝑜 =
2,4 𝐻

(𝑛ℎ)
3
5 (𝐸𝑝𝐼𝑝)2/5

 + 
1,6 𝐻

(𝑛ℎ)
2
5 (𝐸𝑝𝐼𝑝)3/5

 

= 
2,4∗1907

(34)
3
5 (479267∗300000)2/5

 + 
1,6∗1907

(34)
2
5 (479267∗300000)3/5

 

= 
4576,8

8,296∗29045,543
 + 

3051,2

4,098∗4950160,368
 

=0,0189 + 0,00015 

=0,01905 cm = 0,19 mm 
 

According to Mc Nulty, buildings such as buildings, 

bridges, and other structures generally tolerate lateral 

movement between 6mm – 12mm. Thus, it can be concluded 

that the permit deflection meets the requirements of 0.19 

mm. 

 

3.5 Pile drop 
3.5.1 Pile installation layout 

Using AutoCAD 2018 software, the researcher made two 

pile installation layouts, both of which will be compared to 

the effect of soil changes or pile settlement. The work is 

based on Figure 3.6, Layout of the Sanur Floating Pier, to 

produce two layouts as follows: 

FACULTY OF MARINE TECHNOLOGY

DEPARTMENT OF OCEAN ENGINEERING

SEPULUH NOPEMBER INSTITUTE OF TECHNOLOGY

Signatured :

Tanggal : 2 Juni 2021

NRP : 04311740000086

Sholihin, S.T., M.T.

Layout A

Tiang Pancang Dermaga Apung Sanur

Dr. Kriyo Sambodho ST., M.Eng

Eliezer Bertram Free Buana

Skala : 1 : 750  
Figure 18. Layout A Pile Installation 

 

FACULTY OF MARINE TECHNOLOGY

DEPARTMENT OF OCEAN ENGINEERING

SEPULUH NOPEMBER INSTITUTE OF TECHNOLOGY

Signatured :

Tanggal : 2 Juni 2021

NRP : 04311740000086

Sholihin, S.T., M.T.

Layout B

Tiang Pancang Dermaga Apung Sanur

Dr. Kriyo Sambodho ST., M.Eng

Eliezer Bertram Free Buana

Skala : 1 : 750

 
Figure 19.  Layout B Pile Installation 

 

Piles are indicated by a round shape installed in the 

gangway and a finger on the floating dock. The difference 

between Layout A and Layout B lies in the position of the 

pile installation and the number of piles used. The number 

of piles installed in Layout A is more than that of Layout B 

with different positions, as shown in the picture. 

 

3.5.2 Land Modeling 

By using Plaxis V.8.6, the researcher made soil modeling 

based on the previously created Pile Installation Layout. Soil 

modeling is plane strain geometry modeling 15 node 

elements, Mohr-Couloumb soil modeling. Pile material and 

soil are inputted based on the data used in this study. 

After inputting soil material, piles, and others, a mesh 

generation is carried out so that the Soil Modeling view is 

obtained as follows: 
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Figure 20. Land Modeling Layout A 

 

 
Figure 21.  Land Modeling Layout B 

 

Then the initial conditions are carried out for modeling the 

groundwater level. Next, calculate so that it produces 

Deformed Mesh Output as follows: 

 
Figure 22.  Output Deformed Mesh Layout A 

 

 
Figure 23. Output Deformed Mesh Layout B 

 

The two outputs show that the Deformed Mesh Layout A 

is 19.07 mm, and the Deformed Mesh Layout B is 19.42 

mm. It can be concluded that Layout B, with a higher 

number of piles, has a larger Deformed Mesh or soil change 

than Layout A. For the control of pile settlement itself, the 

structure is still said to meet the safety factor if the pile 

settlement occurs in less than 25 mm ( <25mm). So it can be 

concluded that both Layout A and Layout B meet the safety 

factor. 

 

4. CONCLUSIONS 
 

Conclusions in this study include: 

1. So that the floating dock can receive a maximum ship 

collision force (berthing force) of 5.82 kNm, the right fender 

selection is the UE RPD 250 fender with the ability to 

receive a force of up to 10.6 kNm, and the resulting reaction 

is up to 103.8 kN. Meanwhile, so that the floating pier can 

receive a bollard pulling force of 150 kN, a T-Head MT 20 

type bollard can be used, which can withstand a pull of up 

to 20 tons or 196.13 kN. 

2. The piles in the floating jetty are free-end and long (not 

rigid) piles with a permissible lateral force (H) of 1907 kg. 

In addition, the deflection of the piles is 0.19 mm, so it can 

be concluded that the floating dock piles meet the McNulty 

deflection tolerance requirements, ranging from 6-12 mm. 

3. Pile Installation Layout A produces a Deformed Mesh of 

19.07 mm, while Pile Installation Layout B produces a 

Deformed Mesh of 19.42 mm. It can be concluded that the 

greater the number of piles installed on the floating pier, the 

stronger the structure is, evidenced by the smaller pile 

settlement due to soil changes. 
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