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Abstract

Marine structures (ships, offshore platforms, underwater pipes and other floating structures) in operation
are not protected from corrosion. One of the biggest sources of damage to ships is caused by seawater
corrosion. Until now, the use of iron and steel as the main materials for shipbuilding is still dominant.
Corrosion is a degradation process of a metal due to chemical reactions between the metal and its
environment. The aim of this research is how to determine the need for zinc anode and efficient installation
distance as well as the costs required in procuring cathodic protection. Cavitation is a factor that often
occurs around propellers or propellers. When the propeller or propeller rotates in the water, the low
pressure around the surface of the propeller can cause water vapor to form and turn into cavitation bubbles.
When these bubbles burst, the erosion effect on the surface of the affected object will quickly corrode. So
that the installation of the sacrificial anode at the stern is installed slightly tightly. The method used to
control the rate of corrosion is by protecting the steel plate using cathodic protection. Therefore, every ship
that is built needs to have zinc anode planning to control the rate of corrosion on the ship's steel plates. The
number of zinc anodes required for a new construction ship with a length of 72.76 m, a width of 14 m and a
draft height of 3.30 m is 55 with an addition of 30% of the total number at the stern due to the cavitation
factor. The design life of the zinc anode protection is 2.5 years with a longated flush mounted (welded type)
type s-8, dimensions (300 mm x 150 mm x 25 mm) weighing 8 kg. The installation distance is 3 m and 1.3 m
with the installation cost being IDR. 40,530,000.
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1. Introduction

Marine structures (ships, offshore platforms, underwater pipes and other floating structures) in
operation are not protected from corrosion. One of the biggest sources of damage to ships is
caused by seawater corrosion. Until now, the use of iron and steel as the main materials for
shipbuilding is still dominant.

Corrosion is an important thing to pay attention to in the world of industry and shipping
because it is one of the challenges that causes failure in both the function and operation of
equipment in carrying out its function. Corrosion incidents can cause several things, such as
production facilities stopping outside of maintenance schedules, plates leaking so that the fluid
inside pollutes the environment and damage often occurs which can even be fatal and cause
fatalities

Corrosion is a natural event that cannot be eliminated or eliminated but can be controlled by
protecting the material from reactions with the environment. One way is with cathodic protection,
either a sacrificial anode cathodic protection system or an impressed current cathodic protection
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system. Sacrificial anode system cathodic protection and counter current system cathodic
protection have been widely used in industry and construction. The design used is a combination
of experience and experimental data.

Corrosion is a degradation process of a metal due to chemical reactions between the metal and
its environment. In terms of construction on ships, the hull plate is the area first exposed to sea
water. In this area of the hull, the underwater and above water areas are susceptible to corrosion.
Corrosion on ship hull plates can result in a decrease in the strength and service life of the ship,
reduce the speed of the ship and reduce the guarantee of safety and security of cargo and
passengers. To avoid greater losses due to seawater corrosion, ship care and maintenance must be
carried out regularly.

Figure 1. Corrosion on Ship Plates

Corrosion is defined as the destruction or damage of material due to reaction with its
environment. Corrosion is damage to materials (generally metals) due to electrochemical reactions
between the material and its environment. Corrosion occurs due to the process of transferring
electrons from the metal to its environment. The metal acts as an anode and the environment as
an electron acceptor. The corrosion process occurs naturally and cannot be prevented, but can be
controlled by slowing the rate of corrosion.

This process causes the metal to be lost to form a more stable compound. Corrosion is a
chemical reaction resulting from two half-cell reactions involving electrons, causing an
electrochemical reaction. The two half cell reactions are an oxidation reaction at the anode and a
reduction reaction at the cathode. The occurrence of electron exchange shows the relationship
between the liberated mass.

2. Methodology

The method used in this research is quantitative. In this research the data collected is based on
data at PT. Indonesian Ship Industry and various sources from the bibliography to support this
research.

The research procedures carried out in "Needs Analysis and Laying of Zinc Anodes for New
Ferry Ship Buildings" are as follows:

a. Data Presentation
To calculate the need for cathodic protection on ships, property data related to the dimensions
of the ship's structure and anode data which includes the type of anode and the material used are
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needed. Along with supporting data which is additional data in the calculation but is not included
in the parameters above.

b. Calculation of the area of protection on the ship
The protection area calculation aims to determine the area of the ship submerged in water as a
place for installing sacrificial anode cathodic protection.

c. Calculation of corrosion rate and current demand requirements
As a result of the protection area on the ship obtained, then the corrosion rate and current
demand can be calculated based on the coefficients in the Det Norske Veritas rules.

d. Calculation of anode mass requirements
After knowing the corrosion rate in determining the anode life design and current demand
requirements along with the type of anode used in determining the anode mass requirement.

e. Analysis of Zinc Anode cathodic protection needs
At this stage the required mass and anode are used to determine the required number of
sacrificial anodes to be installed.

f. Analysis of Zinc Anode placement
After knowing the number of anodes to be used, the placement and spacing of the zinc anodes
can be determined.

g. Cost calculation analysis

At this stage it is calculated to determine how much costs are used in procuring zinc anodes as
cathodic protection on ships along with installation costs.
h. Conclusion

The conclusion of this analysis is to determine the need, placement and costs in procuring zinc
anode as cathodic protection for ships. In the planning, the sacrificial anode is used for a period of
2.5 years.
3. Results
3.1. Main Ship Data

Table 1. Ship Data

Parameter Value
LOA 76.72m
LPP 70.20 m

B 14.00 m
T 3.30m
H 4.60 m

Tk 3.30m
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3.2. Calculation of Protection Area

Calculation of the protection area is related to determining the surface area that needs to be
protected from corrosion. The purpose of these calculations is to ensure that appropriate areas of
protection are applied to prevent or minimize corrosion of vulnerable metal surfaces.

In this area of the hull, the underwater or above water areas are susceptible to corrosion,
where there is a reduction in the thickness of the plates on the ship's hull which makes it easier for
leaks to occur due to not being able to receive external pressure from sea water, where these
leaks must be avoided.

a. Simpson’s Method

In this case, the Simpson method is used to estimate the area of ship protection based on the
form of protection that has been determined previously. Numerical methods play a very big role in
helping solve various problems in the field of calculating the area and volume of a plane. To
calculate the area of each surface using the Simpson method for the skin opening in Figure 1., use
the formula:
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Figure 2. Opening of the ship's skin

1
A:2x§xhxz (mz)
Where :
> = Number of times the ordinate with the Simpson factor
h = Distance between tusks

b. Protection Area Calculation Results

To get the area of protection on the ship, each part that has been detailed is added up as a
whole. So that the protection area is obtained using the Simpson method as follows.



Maritime Technology and Society 113

e Ry amaai aNdR. JEN (wwn cim iE ama o,
! @ o 1l I bhid! | | e A
i g FEningd HY . = - s ¥
o i o [ e i B ,:
i

.
1Ev

y s

- L - 1 -

Figure 3. Area Calculation Section

In Figure 2. is the area of the ship that will be protected which has been detailed in the skin
openings from the keel to the ship's draft. So the total area of all sections is 2190.55 m2.

Total Area = 2190.55 m?
Distance between tusks = 0.6

So the area of protection obtained is as follows:

A=2x1/30.6x2190.55
A=876.2m?

3.3. Calculating Corrosion Rate and Current Requirement

Corrosion rate is an important parameter in understanding and measuring the level of
damage that occurs to materials affected by corrosion. Corrosion rate measurements can be
carried out using methods including measuring lost weight, measuring electrochemical corrosion
rates, and visual observation of the level of damage that occurs to the material. Corrosion rates
can be measured in various units, such as millimeters per year (mm/year), miles per year (mpy), or
grams per square meter per second (g/m?/s.

a. Corrosion Rate

The thickness of the steel plate used is 10 mm. With a protection area of 967.89 m2. In
calculating the corrosion rate, the formula Equation can be used.

KXm

Cr=
R AXpXT

(mm/year) (1)

Where :

CR = Corrosion rate (mm/year)

m = Am = Difference between initial mass and final mass (grams)
A = Area of the ship's hull plate submerged in sea water (cm?)

K = Constant = 8.76 x 10*

T = Protection life (hours)

p = density of steel plate = 7.85 (gram/cm?)

- Initial mass of the plate

Plate volume = Protection area x Plate thickness
=876.2m?x0.01m
=8.762 m3

Plate weight = Plate volume x Density

= 8,762 m® x 7,850 kg/m?3
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=68,797.4 kg
- Final mass of the plate

After experiencing corrosion, from the results of measurements on the ship's hull there was a
reduction from the original thickness of 10 mm by 2.1 mm.

Plate volume = Protection area x Plate thickness
=876.2 m?x 0.0079 m
=6.92 m3
Plate weight = Plate volume x Density
=6.92 m3x 7,850 kg/m3
=54,322 kg

So, the initial Am and final mass = 68,797.4 kg — 54,322 kg is 14,475.4 kg.

Total protection area =876.2 m?
Protection Age =2.5years

The difference in plate mass =14,475.4 kg
Constant =8.76 x 10*
Density of steel =7.85 (gram/cm?)

So the corrosion rate is obtained as follows:

8,76 x 10* x14.475.400 gram
8.762.000 cm? X 7,85 gram/cm3 X 21.900

Cr (corrosion rate) =

= 0,084 cm/year

= 0,84 mm/year

Figure 4. Plate Thickness Test Results

For the critical point from BKI regarding plate thickness > 10 mm, the maximum reduction in
plates on the ship's hull is 3 mm. From the test results in Figure 3., during 1 period of operation
the ship experienced a decrease in the plate of 2.1 mm, so it had not exceeded the tolerance limit.

b. Current requirements

To obtain the required current demand value first, the result of the damage factor, you can
refer to Equation 2 and Table 2 and 3.
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Table 2. Density-averaged current design based on depth and climate

Dfr:;h Average Current Density Design (A/m2)
. R Sub Tropical (12- Temperate (7- Very Cold
Tropical (>20°C) 20°C) 12°C) (<7°C)
0<30 0.070 0.080 0.100 0.120
>30 0.060 0.070 0.080 0.100
Table 3. Constants for calculation of coating damage factors
Depth (m) Coating Category
(k1=0.1) k2 (k1 = 0.050) k2 (k1 = 0.020) k2 (k1 = 0.010) k2
0<30 0.100 0.030 0.015 0.012
>30 0.050 0.020 0.012 0.012
fCasty =ki+ka-tf (2)
fc =kl +k2 x tf

=0,05+0,02x2,5
=0,175 Ampere

In calculating current requirements, it can be seen in Equation 3 and refer to Table 2

I, =Ac x fc xic ®3)

=876,2 x 0,175 x 0,060
=9,2 Ampere

So, the current requirement for the zinc anode is 9.2 amperes with a damage factor of 0.175
amperes.

3.4. Determining Zinc Anode Needs

Designing the surface area of the ship's hull submerged in sea water is very necessary, to
determine how many anodes are needed, where to place the sacrificial anodes, and so on.

After knowing the thickness size along with the required current required for the zinc anode
and the rate of corrosion that occurs on the ship's plate, the next step is to calculate the need for a
sacrificial anode to slow down the rate of corrosion that occurs.

a. Zinc Anode Mass
In determining the required sacrificial anode weight, it can be seen in Equation 4 as follows.

I T X 8760
m = cXTX (4)
uxe
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Protection current requirement (Ic) =9.2 Amperes
Protection life (T) = 2.5 years
Sacrificial anode utilization factor (u) =0.85
Electrochemical efficiency (€) =700 Ah/kg

_9,2X2,5x8.760
~ 0,85x% 700

Anoda mass =338,6 kg =339 kg

b. Addition of Zinc Anode Due to Cavitation

Cavitation is a common fluid mechanics phenomenon that can occur whenever a fluid is used
in a machine that induces pressure and velocity fluctuations in the fluid. As a result, pumps,
turbines, even plates are all destructive consequences of cavitation that can occur. Cavitation gives
rise to a series of effects that occur due to propulsion which can influence the rate of corrosion on
the ship's stern plate

So the tolerance from BKI for the stern of the ship being protected, approximately 25% or
30% of the total anode weight must be applied in complete protection coverage.

A tolerance of 30% zinc anode mass addition is used so that:

% Miotal = (339 % 0,3) +339 (5)
= 440 kg

c. Number of Zinc Anodes

After getting the mass of the sacrificial anode, then calculate the number of sacrificial anodes
needed to protect the area of the ship that is submerged in water. The sacrificial anode designed is
a zinc alloy with a welded type with type S-8 size (L x W x H) (300 mm x 150 mm x 25 mm) with a
net weight of 8 kg. So the calculation of the number of sacrificial anodes required can be seen in
Equation 6 as follows.

m
2 AK=—— (6)
mAK

Number of sacrificial anodes in the draft section of the vessel
Total sacrificial anode mass =339kg

Mass of sacrificial anode per unit =8kg

So the number of zinc anodes obtained is as follows:

Number of additional sacrificial anodes in the stern section
Mass addition of 30% of total weight =101 kg

Sacrificial anode weight per unit =8kg

So the number of anodes is obtained as follows:

101 kg
8 kg

= 13 buah
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Number of sacrificial anodes required

Total mass of sacrificial anode =440 kg

Weight per unit =8kg

So that the sacrificial anode requirements are obtained as follows:

440 kg
8 kg

= 55 buah

The total number of zinc anode cathodic protection required for new ship buildings is 42 with
an addition of 30% for critical areas in the stern section as a safety factor. So the need for zinc
anodes is 55 pieces.

3.5. Zinc Anode Laying Plan

The number of sacrificial anodes required is 55 which will be installed on the ship's draft
section. The installation of sacrificial anodes on ships is arranged according to the area of the
ship's hull plate or the area below the waterline and divided according to the distance between
the anodes. So the distance between anodes is in Equation (7):

Ship Area—anoda length x number of anoda

Iac= ¥ AKanoda total (7)
Ship area =181.44 m
Anode length =300mm=0.3m
Number of anodes =55 pieces

So that the distance between the Zinc Anode is obtained as follows:

_ 181,44 m—(0,3m x42) 5
= = =

m

Meanwhile, at the stern of the ship the zinc anodes are installed slightly tightly due to the
cavitation factor which can accelerate the rate of corrosion, so the distance between the sacrificial
anodes at the stern can be calculated as follows:

_ (Jarak antar anoda—panjang anoda)

Jak= > (8)

3m-0,3m
=T =13m
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Figure 6. Zinc anode placement visible from the side of the ship

5. Conclusions

a. After processing data regarding cathodic protection planning, namely zinc anode on new
construction ships, the following conclusions were obtained:

b. Corrosion protection is especially important in the shipping industry because corrosion
can cause serious damage to ships and other maritime infrastructure.

c. The use of zinc anodes as part of a cathodic protection system is an effective method for
controlling the rate of corrosion on ship steel plates.

d. This research shows that for a new ship with a length of 72.76 m, a width of 14 m, and a

draft height of 3.30 m, 55 zinc anodes are required with an additional 30% at the stern
due to the cavitation factor.

e. The design life of zinc anode protection is 2.5 years with type S-8 anode with dimensions
of 300 mm x 150 mm x 25 mm and weight 8 kg, installed at a distance of 3 m and 1.3 m
according to different parts of the ship.

f. Proper placement of zinc anodes, both on the cargo and at the stern of the vessel, is a
crucial step to ensure effective protection against corrosion.

This study provides valuable insight into the need and placement of zinc anodes for new ferry

structures, which can serve as a practical guide for planning cathodic protection on similar vessels
in the future.
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