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ABSTRACT

Proper ship maintenance is one of the key factors that have impacts on successful ships operations. 
It is important that ship’s crew and ship-owners strictly implement the required maintenance 
measures all in order to avoid accidents, unnecessary delays and possible detentions by organization 
conducting ship’s surveillance and inspection. Properly maintenance planning on board ship and also 
in the shipping company (on a fleet level) is one of the main factors affecting the maintenance costs. 
According to available literature, the most important factors are maintenance scheduling, choosing 
maintenance strategy, crew efficiency, and choice of the shipyard. This research aims to identify the 
key factors that have impact on ship’s hull maintenance planning and to provide a framework that can 
help the decision maker to identify and make optimal decisions on the required number of the crew 
engaged on the maintenance. Ship’s masters and officers sailing on dry cargo ships were asked survey 
questions and interviews, all in order to obtain their experience regarding the components of the 
ship’s hull protection by coatings. This article compares costs of deck protection by coating according 
to the number of the crew and maintenance tools as the variables having a significant impact on the 
costs of hull’s maintenance. The results may be used by the shipping company or other interested 
party in order to obtain a comprehensive overview regarding the interdependence of the deck crew 
costs on the total cost of deck protection by coatings.

1 Introduction

The reduction of ship’s operating expenditures and in-
creased incomes are the two basic issues in the shipping 
industry. Earnings from freight heavily depend on the ex-
ternal factors, including the trade market level. In most 
cases, the operating expenditures are supervised by the 
shipping companies. The management has to be familiar 
with the operating costs in order to prepare a proper fi-
nancial budget. Besides the bunker costs, a significant 
part of the operating expenditures are the part of the ship 
maintenance costs. This value strongly depends on crew’s 
efficiency. Therefore, crew’s efficiency improvement can 
directly affect the reduction of operating expenditures.

Ship’s maintenance should meet the requirements list-
ed in ISM (International Safety Management Code), chap-
ter 5. The maintenance should be performed according to 

https://doi.org/10.31217/p.34.1.17

the manufacturer’s recommendations, and good seaman-
ship practice. Factors influencing the maintenance process 
are presented on Fig. 1. A all on board ship vital equipment 
should have a clearly defined maintenance plan. According 
to ISM Code, the performed tasks should be recorded in 
the system as well as the notes of the crew members per-
forming the task. 

International maritime community has made consider-
able efforts to ensure the required safety level and to pre-
vent accidents and pollution. Also, the ship-owner and the 
crew have to implement the required maintenance meas-
ures in order to avoid accidents. The cost of ship mainte-
nance activities can make 10-15 % of shipping companies 
direct operating costs and they remain unchanged for a 
long time period [16]. According to available statistic data, 
provided by the European Maritime Safety Agency (EMSA) 
for the period 2011-2017, an inadequate maintenance is 
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stated as a second cause of reported accidents [5]. Ship 
maintenance has always been part of the daily crew du-
ties, all in order to preserve the condition of ships up to 
a reliable operational and required safety level [10]. Ships 
masters are expected to make efficient maintenance ar-
rangements and always keep their ships in a safe and sea-
worthy condition. Furthermore, masters and responsible 
officers are required to have a high level of professional-
ism in supervising daily maintenance tasks and he/she 
should pay special attention to any possible damage on 
ship’s structures and equipment.

Roughly speaking, ship maintenance can be divided 
into two categories: preventive maintenance and correc-
tive maintenance. Preventive maintenance consists of rou-
tine procedures for keeping ship’s required safety level 
and efficiency. This category of maintenance prevents or 
detects a failure in the earliest stage, and therefore elimi-
nates any possibility of accident occurrence and also pro-
vides that ship’s crew identifies hazards and ensures risks 
reduction in a cost-effective manner. Most commonly, ship 
accidents are the result of a chain of events and when 
combined, they may create casualties which leads to ma-
rine pollution, potential loss of life and/or property. In this 
respect, corrective maintenance (otherwise called also 
reactive maintenance) is the initial step in dealing with 
ship maintenance. Dhillon [3] describes corrective main-
tenance as the action performed due to apparent failures 
or found deficiencies and requires urgent corrective ac-
tion to return it in operating condition. Experience shows 
that even well-maintained ships can suffer structural dam-
age. Such damage, however, is generally not so significant 
when compared to in sub-standard ships and usually it 
may be detected in the early stage. The detected damage 
needs to be carefully inspected, reported to the responsi-
ble department of the shipping company and properly re-
paired according to ISM Code requirement [9].

Any significant damage should be reported to the 
classification society by the shipping company. The dam-

age should be surveyed by the classification society’s ex-
pert and his/her recommended corrective action will be 
performed. After completing the repairs, the expert will 
make another survey to determine whether the procedure 
was carried out in accordance with stipulated provisions. 
According to International Associations of Classification 
Societies IACS [7], a corrective maintenance procedure 
must consist of a process identifying the existing problem, 
defining the cause and proposinge as well as implement-
ing and evaluatinge feasible solutions.

Ship’s crew, with the appropriate company support, 
has a significant impact on ship’s maintenance. This article 
provides survey findings from a sample of 75 experienced 
ship’s’ masters and bridge officers, 62 of them attended 
maritime courses on Faculty of Maritime Studies Rijeka 
and 13 come from the maritime crewing agency. The 
questionnaire of 17 questions regarding ship’s hull main-
tenance was developed, tested and then given to them. 
Interviews were done with 15 experienced ships masters 
and bridge officers who attended courses on Faculty of 
Maritime Studies in Rijeka. Generally, survey questions 
and interviews have shown that the lack of proper main-
tenance frequently leads to failure of structures. The col-
lected data were used for determining crew’s efficiency in 
the considered hull maintenance process.

EMSA accident investigation reports frequently state 
that poor standards of procedures are a contributing fac-
tor to maritime incidents. Also, historical seafarer’s con-
fidential reports describe poor standards of shipboard 
operations and maintenance manuals [4]. Therefore, the 
prevention of ship’s structural damage should be based 
on adherence to safety procedures in ship handling, good 
planning and carrying out the proper maintenance. 

The cost of a crew is a substantial item in the overall 
costs of a ship-owner. The daily tasks should be appropri-
ately delegated to the ship’s crew in order to meet the var-
ious demands at sea or in a port. Ship’s crew has a great 
impact on the ship’s operational productivity in the sea-

International  
regulation and 

legislation

Cargo shipping 
market Crew Workshops

National regulation 
and legislation

Maintenance level Ship's 
maintainance

Maintenance
expenses

Material resources

 

Fig. 1 Factors having impact on the maintenance process
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borne trade, keeping in mind that the ship operates on the 
highly competitive global freight market. Accordingly, the 
cost and efficiency of the crew members need to be evalu-
ated. The necessary data used in the article were obtained 
from the survey conducted among the ship’s masters and 
officers and from shipping companies.

2 Factors affecting ship’s hull maintenance

Generally, the model of ship’s hull maintenance is 
changing under the influence of external conditions relat-
ed to the development of maritime technology and ship-
ping industry requirements. A ship at sea is isolated from 
onshore maintenance facilities and it is dependent on 
available on board resources. A significant factor that has 
a direct impact on hull maintenance is the ship’s crew. Hull 
maintenance shall be described through following compo-
nents: decks, cargo space, ballast tanks, cargo gear, deck 
gear, and superstructure.

2.1 Costs of the deck crew

The data on operating costs of a ship is usually com-
pany’s business secret. Costs for the same type and size of 
the vessel can be widely different, due to the diverse crew 
costs [14]. A deck crew on dry cargo ships generally con-
sists of a boatswain, able bodied seamen’s (AB) and ordi-
nary seamen (OS). The minimum deck crew is defined by 
the minimum crew manning certificate. The guidelines for 
the application of principles set in minimum safe manning 
are provided by IMO [8]. The costs incurred by the ship-
owner for each member of the deck crew can be catego-
rised as:
• crew wages,
• cost of food, 
• other crew costs.

Crew wages a one of the greatest amounts in overall 
costs of the ship. Also, crew wages may vary greatly from 
ship to ship, dependings on the nationalities of the crews 
[11]. The company is obliged to pay the agreed-upon wag-
es to every crew member regardless of the ship’s level of 
commercial utilisation. Crew wages include eight working 
hours, overtime, and work on Sundays and holidays. Cost 
efficiency is critical, therefore, technical and crewing de-
partments have geographically moved to Asia where the 
manpower-intensive activity may often be undertaken by 
operating companies exploiting lower salaries in the re-
gion [11].

Food costs per crew member may vary considerably 
from one shipping company to another. Some shipping 
companies place no limits on the amount of food costs.

Other crew costs involve insurance costs, health care 
costs, and crew exchange costs. If a crew member fails to 
comply with the provisions stipulated in the employment 
agreement and leaves the ship before the termination of 
the agreement, he/she shall bear the cost of repatriation.

Costs per deck crew member are an important element 
when comparing the costs associated with actions in the 
ship repair yard.

2.2 Working hours and availability for maintenance

Working hours of deck crew anticipated for mainte-
nance can mostly be seen as the total number of feasible 
working hours of a deck crew either daily or for a specific 
time period. 

The largest number of feasible working hours in a giv-
en time period (in most cases, one year) should be reduced 
for the time during which it is not possible to carry out any 
maintenance or during limitations for doing the ship main-
tenance. Clearly, this primarily depends on the navigation 
area and the shipping line. The greatest number of feasible 
working hours is also considerably reduced by watchkeep-
ing duties (at sea and anchorage, manoeuvring), holidays, 
Sundays and unplanned maintenance.

Watchkeeping at navigation and anchorage is stipu-
lated by the International Convention on Standards of 
Training, Certification and Watchkeeping (STCW 78/75) 
[11]. Watchkeeping must be present while at sea, together 
with the officer on the navigational bridge during hours 
of darkness. The hours of darkness are covered by three 
navigational watches, meaning, each day at sea should 
be reduced by 12 hours and the number of hours spent 
on navigational watch should be deducted from the total 
number of feasible working hours. In addition, when vis-
ibility is low, or any other similar circumstances exist, a 
watchkeeping also needs to be hold on the navigational 
bridge during daytime as well. Therefore, the number of 
feasible working hours is even more thus reduced. The 
time spent on a navigational watchkeeping is calculated 
into the deck crew working hours. Watchkeeping, while 
the ship is at anchorage, should be maintained at all times. 
Every year, cargo, passengers and fishing vessels are at-
tacked by pirates seeking to gain goods by hijacking and 
selling cargo and/or ransoming crew. Most incidents in-
volve attacks and thefts from vessels while a vessel is at 
anchor or in ports [12]. In this area, additional crew mem-
bers may also be engaged in the anchor watch. A deck 
crew member, while obtaining a watch at anchorage can-
not perform maintenance tasks. The time spent in anchor 
watchkeeping is calculated in the working hours. 

Maintenance work on ships is generally not carried 
out on Sundays and holidays unless it is essential for the 
safety of ship and crew or for performing tasks crucial for 
the commercial utilisation of the ship. Hence, the annual 
number of feasible working hours is reduced for those 
time those periods, except in cases when maintenance was 
in fact carried out on those days. Watchkeeping at sea, an-
chorage and manoeuvring is carried out on Sundays and 
holidays. 

During mooring/unmooring operations and “stand by” 
period, the entire deck crew is engaged and maintenance 
work cannot be performed. 
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The usual maintenance tasks are not carried out dur-
ing bad weather. Clearly, the number of bad weather days 
depends on the navigation area. The time when a deck 
crew cannot work due to bad weather conditions refers 
only to the period covering the working hours of the deck 
crew. 

Many dry cargo ships are at sea most of the time, some-
times they calls a port only long enough to load and un-
load cargo (especially ro-ro ships and container ships). 
Nowadays in most ports, chipping the rust from open hull 
surfaces is strongly prohibited. Therefore, hull surfaces 
treatment is not usually conducted while the ship is ber-
thed since in most ports, the coating is limited. The avail-
able time of a deck crew can be expressed in a following 
manner:

τr = tgrs – ts – tmp – tnp – tvu (1)

where:
τr  –  available time of a deck crew,
tgrs  –  largest number of feasible working hours per year,
ts  –  time spent in watchkeeping,
tmp – time spent in manoeuvring and at alert,
tnp  –  time on Sundays and holidays,
tvu  –  time of bad weather conditions.

Usually, most of a deck crew’s available time will be 
spent on hull maintenance. The time for hull maintenance 
is not evenly distributed on hull elements. Parts of the hull 
having the effect on a ship’s safety and cost-effectiveness 
require the highest proportion of available maintenance 
time. Ship and hull maintenance are usually analyzed in 
the early stages of ship design [15].

2.3 Hull components maintained by deck crews 

The ship can be seaworthy and ready for cargo opera-
tions if all major components, regarding safety and com-
mercial utilisation, are operational. If any of the major 
components is not operational, they will require mainte-
nance.. The maintenance plan will be agreed by the master 
and the competent department (usually technical depart-
ment) of the shipping company. The maintenance coef-
ficients for individual components will be determined on 
the base of the available deck crew working hours for hull 
maintenance. The maintenance coefficients will be deter-
mined for the following components:
• decks,
• cargo space,
• ballast tanks,
• cargo gear,
• deck gear, and
• superstructure.

The ship operates in a complex environment and the 
hull is exposed to seawater and weather. Seawater proper-
ties such as salinity, temperature, oxygen content, pH level 

and chemistry can vary [1]. Ship constructional steel cor-
rodes easily in the marine atmosphere. The upper part of 
the ship’s hull, deck and deck equipment are subjected to 
atmospheric corrosion. 

According to the done survey questions and inter-
views, maintenance of deck surfaces on vessels older than 
six years require the highest maintenance coefficient. 
Usually, the corrective coating repairs are taken when a 
coating is physically damaged or shows a minor grade of 
corrosion. In case of the presence of obvious deterioration 
signs, the entire coating should be renewed. Due to limited 
maintenance budget, low-cost coatings (usually with low 
performance) are available for on-board use. The coat-
ing may be removed by pneumatic or electric-powered 
tools and this kind of work does not require any specially 
trained crew. The coating application process is usually 
supervised by a chief officer. Knowledge of coating charac-
teristics and adherence to the manufacturer’s instructions 
will contribute to the quality and durability of protective 
coatings. 

The deck crew is engaged on the deck corrective coat-
ing maintenance during ballast voyage. In most cases, lo-
calised corrective maintenance is primarily carried out 
due to the limited time between two cargo loadings. Spots 
affected by corrosion are properly cleaned and prepared 
for a new coating. 

Protective coatings and cathode protection should pre-
vent corrosion in ballast tanks. Ballast tanks are exposed 
to atmospheric corrosion when the ship is loaded (ballast 
tanks are empty) and to seawater caused corrosion, while 
sailing in ballast condition [18]. Ballast tanks full of sea-
water are influenced by electrochemical corrosion. During 
ship’s exploitation, the protective coatings in tanks may 
deteriorate and such damage is most often repaired while 
the vessel is in a ship repair yard. Bulk carriers are an ex-
ception since the crew may maintain the top ballast tanks 
during navigation. 

A ship’s cargo gear is also exposed to the seawater and 
weather conditions. Corrective coatings on the cargo gear 
are commonly applied while a ship is in a ship repair yard. 
Most parts of the cargo gear, due to its construction, are 
not available during ship exploitation. Corrective actions 
are generally performed on damaged coatings on the ac-
cessible parts of the cargo gear. The maintenance of the 
cargo gear running parts should be carried out according 
to the manufacturer’s instructions. In the manufacturer’s 
instructions service, the intervals are indicated and also 
allow spare parts. When a damage to the strands exceeds 
limit values, wire rope is changed. A general rule of thumb 
for ship’s cargo gear wires would be breakage in 10 % of 
the visible strands in any length of a wire. If this number 
is exceeded, then the wire should be removed from serv-
ice [17]. Regular visual inspection, ideally before and af-
ter cargo operations, should be carried out on board to 
check for damage and defects. The deck crew and part of 
the engine crew are engaged in maintaining the cargo gear 
equipment. 
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2.4 Distribution of maintenance working hours per 
hull structure component 

The total available hours for maintenance of the ship’s 
hull system can be presented as the sum of the planned 
time spent on individual hull components and hours re-
quired for emergencies. The planned time for each ele-
ment is determined by multiplying the maintenance factor 
and the available number of hours, and it can be expressed 
as: 

Tzt = λp � Tt (2)

where:  
Tzt  – available time for maintenance of a ship’s component,
λp  –  planned maintenance coefficient for individual hull 

elements, 
Tt  –  available time for hull maintenance.

Hence, it can be concluded that the available time for 
hull maintenance (Tt) is the sum of all individual mainte-
nance times of each element, including the time planned 
for emergencies.

∑
=

+=
n

idit tTztT
11  

(3)

where: 
Tt  –  available time for hull maintenance,
Tzti  – available time for maintenance of each individual 

element,
tid  – time planned for emergencies.

Clearly, the efficiency of maintenance also depends on 
accurately planning time to be spent on each structural el-
ement by using the appropriate tools, proper coating and 
the proper number of crew members. The approximate 
areas for considering components of the ship’s structure 
maintained by deck crew can be determined by applying 
specific equations. Also, the maintenance cost is contained 
in the same equations. The total expenses of hull compo-
nents include incurred costs for preparing surface and 
coat application. It may be compared to the cost of similar 
work carried out by ship repair yards.

3 Hull maintenance costs during the ship’s 
exploitation 

The surfaces taken into the account are: deck, holds, 
hatch covers and ballast tanks. The available maintenance 
hours and the maintenance efficiency for the treated sur-
faces depend primarily on the following factors:
• used equipment,
• degree of corrosion, and
• the crew’s skills. 

The tools used by the crew have a significant influence 
on the efficiency of the maintenance process. The follow-
ing is usually used on board ship: electrical and pneumat-

ic tools and sand blasting tools. Manual tools are usually 
used for treating smaller and “hard to reach areas”. The 
best surface preparation results can be achieved by us-
ing the sand blasting method. This is the most commonly 
used method of preparing a surface for the paint applica-
tion in a repair shipyard. When properly carried out, abra-
sive blasting removes old paint, rust, salts, fouling, etc and 
provides a good mechanical key (blast profile) for the new 
coating [2]. 

The corrosion of any metal surface can be classified by 
its behaviour in which it manifests its existence. Each form 
can be identified and classified by visual observation of its 
resulting behaviour. Uniform corrosion is considered as an 
even attack across the surface of a material. It is the most 
common type of corrosion and belongs to the most benign 
type Opposite of this type of corrosion, we may find pitting 
corrosion. This type of corrosion is typically localized and 
it results in holes in the metal and it requires additional 
time for treatment. 

The skills and motivation of the crew also have a great 
impact on efficiency. Various obstructions that could pro-
tract treatment should be taken into consideration when 
planning the required time for carrying out a specific 
job. Hence, the planned treatment of a surface can be ex-
pressed in a following manner:

13
1

)( kkAobSrA i

m

i
ijo ⋅⋅⋅= ∑

=  
(4)

where:
Ajo  – treated surface area of an element in a time unit, 

with regard to the efficiency coefficient and scope 
of the procedure, 

Sri  –  type of tool for surface treatment,
Aobi  – average treated surface area in time unit using spe-

cific tools for treatment,
k1  –  share of surface area to be treated relative to the 

overall surface area of the element,
k3  –  efficiency coefficient of hull element treatment1,
m  –  number of tools for surface treatment.

The type of tool used has a considerable effect on the 
scope of treatment. Background research taken for this ar-
ticle shows that approximately 1 m2/h can treated by us-
ing electrical and pneumatic tools and grinding machines, 
while up to 10 m2/h can be treated by using sand blasting 
apparatus. With regard to the available time, used tools 
and the number of deck crew members assigned to the 
job, the surface area that can be treated is expressed the 
following formula:

nkTztAA joo /2⋅⋅=  (5)

1 The efficiency of treating individual hull elements can be diminished 
as a result of various obstructions and impediments.
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where:
Ao  – possible surface area that can be treated in the avail-

able time,
Tzt  – average available time for the treatment of a hull 

element,
k2  – time coefficient for treatment of a hull element,
n  – number of deck crew members assigned to surface 

treatment. 

The hull treatment coefficient can reach up to 0.75 of 
the total time planned for protective coating of the hull, ac-
cording to the research background taken for this article. 
Based on the surface area and the cost of working hours, 
it is possible to determine the cost of treatment of a par-
ticular area.

3.1 Cost of surface treatment

The treatment cost per surface unit includes: the cost 
of the crew members working hour, the cost of materials, 
depreciation and the cost of spare parts. The depreciation 
of treatment tools and the cost of spare parts and expend-
able supplies will depend primarily on the type of tool 
used. The treatment cost per surface unit can be calculat-
ed in a following manner: 

)))(/(()( 3
1
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i
iij ⋅⋅⋅= ∑

=
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(6)

where:
Trj  – cost of treatment per surface unit,
Bp  – number of crew members handling treatment tools,
Crs  – the average cost of a crew members working hour,
Sri  – type of used tool,
Aobi  – average treated area in a time unit by using a spe-

cific tool, 
k3  – efficiency coefficient of a hull element,
m  – number of tools used for treatment, 
Tap  – value of tools depreciation, the cost of spare parts 

and consumables per unit of area.

The cost of treatment per area unit done by the crew 
is important information; therefore, later there can be 
made a comparison with the cost for the same treatment 
in the shipyard. The total cost of surface treatment is 
equal to:

joob TrAUT ⋅=  (7)

where:
UTob – treatment cost of the entire surface,
Ao  – possible treatment area according to available time,
Trj  – treatment cost per unit area.

The treatment costs of the total area are based on the 
unit cost that includes all impacts factors.

3.2 Application of coating

A protective coating is applied once the surface has 
been treated and prepared. It is applied by the deck crew 
under the supervision of a chief officer. Duration and qual-
ity will depend on the previously prepared surface, weath-
er conditions and adherence to the recommendations of 
the coatings manufacturer. 

Given the efficiency coefficient and the surface to be coat-
ed, the painted area of the hull element in of time unit can be 
calculated by using the following mathematical formula:

46
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(8)

where:
Ajp  –  the painted area of the hull element in the time unit, 

based on the efficiency coefficient and the area to 
be coated, 

Spi  –  tool type for the application of coating,
Anpi  – average painted area in time unit, by using a specif-

ic tool,
k4  –  share of the area to be coated relative to the ele-

ment’s total area,
k6  – efficiency coefficient of coating application on hull 

element,
m  – number of used tools for coating application.

The coating application tools used for this are a major 
factor affecting the size of the painted area. As per con-
ducted research, approximately 3 m2/h can be painted by 
brush application; 20 m2/h, by roller application; and up 
to 30 m2/h, by spray application. 

Given the available time (Ap), the possible surface area 
that can be coated is expressed as follows:

nkTztAA jpp /5⋅⋅=  (9)

where:
Ap  –  possible area that can be coated in the available time 
Tzt  – average amount of available time for applying a coat-

ing to a specific hull element,
k5  – time coefficient for applying a coating to a specific 

hull element
n  –  number of deck crew members assigned to coating.

The coating application coefficient is generally less 
than 0.25 of the total time planned for protective of hull 
elements as per a conducted survey.

The depreciation of treatment tools and the cost of 
spare parts and expendable supplies are considerably 
smaller when compared to the mentioned costs of treat-
ment. The cost of coating application per unit of surface 
can be expressed as: 

)))(/(()( 46
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where:
Trpj  – coating application cost per unit area 
Bp  – number of crew members operating by coating ap-

plication tools,
Crs  – crew member’s one working hour cost price (average)
Spi  – type of coating application tool,
Anpi  – average for the painted area in a unit of time using a 

specific tool,
k6  – coating application efficiency coefficient2, 
m  – number of coating application tools 
Tpa  – coating application tool depreciation, the cost of 

spare parts and expendable supplies per unit of 
surface area.

The total coating application cost can be calculated in 
the following manner:

jpob TrpAUT ⋅=  (11)

where: 
UTob  – total coating application cost,
Ap  – possible surface area that can be treated, given the 

available time,
Trpj  – coating application cost per unit area.

The total coating application cost does not include the 
coating cost needed to protect a given surface. The coating 
cost can be determined by using the same mathematical 
expression applied in calculating the coating cost in a ship 
repair yard:

Tp = ((UAnp Cj)/Ajz) ∙ k7 (12) 

where:
Tp  – cost of coating 
UAnp – total area to be coated 
Cj  – coating price of unit measure (usually, one litre),
Ajz  – area that can be protected by a unit measure of 

coating,
k7  – share of the area to be coated relative to the overall 

area.

All surfaces need to be rinsed with fresh water be-
fore treatment. This certain small cost is not taken into 
consideration.

3.3 The total cost of the protective coating during 
exploitation 

The total cost of the protective coating of a ship’s hull, 
incurred by a shipping company over a specific time peri-
od, is calculated by adding up the protective coating costs 
of the individual hull elements. The total surfaces treating 
costs, the costs of the individual elements and the coating 

2 The efficiency of coating application can be diminished as a result of 
various obstructions and impediments affecting efficiency.

application costs will be determined separately. The total 
protective coating costs of the above mentioned hull ele-
ments is the sum of the total surface treatment cost, total 
coating application costs and coating costs. 

The total protective coating cost on board dry cargo 
ship is an estimated value and it can be used for compari-
son with the cost of protection by coating for the same ele-
ments which may be done in ship repair yards. It is very 
important for the shipyard management to gather the re-
quired information about the repairing expenditures for a 
specific ship. Lesser repairing costs are strong foundation 
for staying competitive. The competitiveness is the key 
factor to survive in any business. For ship repairing ac-
tivities, the ship repairing cost is very much dependent on 
ship repairing labour. So, the reduction in repairing man-
days can directly be translated into a reduction in repair-
ing expenditures [13].

Case study

This case study shall compare the costs of deck protec-
tion by coatings, with a varying a number of crew mem-
bers and maintenance tools. The used data were obtained 
through a survey of mates and masters sailing on dry car-
go ships. 

Proper maintenance scheduling on board ship and also 
in the shipping company on a fleet level is one of the main 
factors affecting the maintenance planning and costs. The 
ship is sails in different climate conditions, and the char-
acteristics of the voyage may vary, which has an impact on 
maintenance possibilities. Therefore, it is vital to choose 
the most convenient component for maintenance on each 
voyage and it also requires close attention when setting up 
maintenance planning for ships.

In this case study, the costs of deck protection by coat-
ing are compared by making simulations; the number of 
crew members and used tools are taken as variables that 
have a significant impact on the hull maintenance costs. 
The costs are expressed in USD on an annual basis.

Clearly, the number of crew members engaged and the 
tools used have a substantial effect on maintenance. In 
Table 1, variations are made by the number of crew mem-
bers and the number of tools used in protecting decks 
with coatings. The average cost of a crew member is de-
termined on the basis of the data obtained from a shipping 
company and by masters and mates sailing on dry cargo 
ships. The example is based on an 8-hour working day. 

A significant influence on the available maintenance 
time has the ratio between navigation and ship’s stand-
ing time. In the given example it is assumed that a ship 
has spent 131 days in navigation, 113 days in port and 36 
days at anchorage. The number of available working hours 
of three crew members amounts to 2052 and it increases 
for each newly embarked deck crew member. Typically, all 
the available time will not be used for the maintenance of 
hull elements. The appropriate coefficient is determined 
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Table 1 Results of variations to the number of crew and tools on efficiency and costs

POSITION Number of 
members

Number of 
members

Number of 
members

Number of 
members 

Boatswain 1 1 1 1
Able seamen 2 2 3 3
Ordinary seamen 0 1 1 2
Cadet 0 0 0 0
Other average costs per crew member (annual); Top 7000 7000 7000 7000
Total cost of deck crew (annual) 78600 101200 126200 148800
Average cost per crew member 26200 25300 25240 24800
Annual theoretical hours 8760.00 11680.00 14600.00 17520.00
Average price of a working hour of a deck crew member 8.97 8.66 8.64 8.49
Available time for maintenance depends on deck crew number. 2052.00 4308.00 6564.00 8820.00
Hull system elements from 1 to n deck deck deck deck
Average available time for treatment hull element 861.84 1809.36 2756.88 3704.4
SURFACE TREATMENT 

Type of tool
Number of 

tools;
Sr

Number of 
tools;

Sr

Number of 
tools;

Sr

Number of 
tools;

Sr
Electrical or pneumatic tools (chipping tools) 1 2 2 2
Grinding machines 1 1 1 2
Manual tools 1 1 2 2
Sand-blasting apparatus 0 0 0 0

Surface area of hull element treated in unit of time, given the efficiency 
coefficient and scope of treatment 2.20 3.20 3.40 4.40

Surface area that could be treated given the available time 525.21 1176.81 1518.49 2200.41
Cost of treatment per unit of surface area 13.67 12.26 14.14 13.01
Total cost of surface treatment 7177.12 14428.23 21473.75 28630.83
COATING APPLICATION 

Coating application tools 
Number of 

tools;
Sp

Number of 
tools;

Sp

Number of 
tools;

Sp

Number of 
tools;

Sp
Rollers 2 2 3 3
Brushes 1 2 2 3
Spray guns 0 0 0 0
Surface area of hull element painted in a unit of time, given the 
efficiency coefficient and surface area to be coated 41.00 42.00 62.00 63.00

Surface area that could be coated given the available time 1578.32 3552.68 4580.83 6612.35
Cost of coating application per unit of surface area 0.76 0.93 0.80 0.91
Total cost of coating application 1194.05 3286.86 3651.31 6009.78
Cost of coating 986.45 2220.42 2863.02 4132.72
TOTAL COST OF HULL’S COMPONENT (Deck) PROTECTION BY 
COATING 9357.62 19935.52 27988.08 38773.33

Source: Authors

according to the maintenance requirements of individual 
hull elements and is used to estimate the maintenance 
time of a hull element. In the provided example, the coef-

ficient of 0.7 means the total available time. That means 
that 70 % of available time for maintenance will be spent 
on the hull’s elements.
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The time planned for deck maintenance is the prod-
uct of time anticipated for hull maintenance and the deck 
maintenance coefficient. Efficiency depends on the tools 
used for deck maintenance. The number of tools used is 
based on the number of crew members and the time avail-
able for deck maintenance. Deck protecting by coating is 
based on two primary procedures: surface treatment and 
application of coating. 

Surface treatment on ships is typically carried out by 
using the tools listed in Table I and the types of selected 
tools have a significant effect on the treatment quality and 
represent one of the basic impact factors on the coating 
durability, all according to the conducted survey. 

The deck treated area in a time unit depends on the 
number of crew members, on the number and productiv-
ity of used tools, and on various obstructions and impedi-
ments that can have an adverse effect on the efficiency. 
The cost per unit of treated surface area, as well as the to-
tal cost of coating protection, is primarily based on the ef-
ficiency and the average price per working hour.

According to experience indicators and on the basis 
of the conducted survey, an average of 1 m2 surface per 
1 hour can be treated with electric and pneumatic tools. 
Given the conditions under which electrical and pneumat-
ic tools are used on board a ship, their useful tool life is 
substantially reduced. In this review, useful tool life is esti-
mated at approximately 1500 hours of use. 

Annually, the surface of 525 m2 of the deck area can be 
protected by coatingsannually if three deck crew mem-
bers work on this job respecting all STCW requirements. 
Expenses for the considered job are 9357 USD. The deck 
area of 2200 m2 could be protected by coating if three ad-
ditional crew members are employed with full work time 
on maintenance. Expenses for this protection area by coat-
ings are 38873 UDS. The difference in the size of the area 
protected by coatings is not proportional to the number of 
newly employed crew members because those three new-
ly employed crew members have to be engaged in mainte-
nance as their full time job. 

4 Conclusion

Maintenance of the ship is a very important require-
ment for it operation during its life cycle. It should meet 
the requirements listed in ISM and other international and 
national regulations. Today, maintenance budget is strictly 
limited and proper maintenance planning on board ship 
is one of the main factors affecting maintenance expens-
es. The costs referring to ship maintenance activities be 
10-15 % of a shipping company`s direct operating costs. 
Preserving the condition of ships up to a reliable opera-
tional and required safety level has always been part of 
the daily duties of the crew. Ship’s crew, with the appro-
priate company’s support, has a significant impact on the 
maintenance. The research background taken for this ar-
ticle shows that the lack of proper maintenance often re-

sults in deterioration of ship’s structures. Rapidly evolving 
technologies in shipping industry require evaluation of the 
costs and efficiency of the crew members. 

The time anticipated for hull maintenance is not evenly 
distributed on hull elements. The highest proportion of 
available maintenance time is required for the hull parts 
that have an impact on a ship’s safety and cost-effective-
ness. The maintenance efficiency on board ships primarily 
depends on human and material resources. 

The total protective coating cost on board of a dry 
cargo ship is an estimated value and it can be used for 
comparing costs for protection by coating for the same 
elements which may be done in ship repair yards. In the 
case study, the costs of deck protection by coating are 
compared by simulating the number of crew members 
and maintenance tools as variables that have a significant 
impact on the hull maintenance cost. The case study has 
made a cost comparison of deck protection by coatings by 
varying a number of crew members. 

The data used data were obtained through a survey of 
mates and masters on dry cargo ships.

The deck area protected by coatings in a time unit de-
pends on the number of crew members, on the number 
and productivity of used tools, and on various obstruc-
tions and impediments that can have an adverse effect on 
the efficiency. 

Number and quality of crew members is an issue which 
always needs discussion. Number of the crew members 
may vary depending on the type of the ship. Crew costs, in 
most cases can make up to 60 % of ship’s operating expen-
ditures. Good shipping companies, especially those oper-
ating tankers and chemical and gas carries, are planning to 
increases finances for hiring qualified crew.. The relevant 
authorities decide on the minimum number of crew on 
each ship. But shipping company may employ additional 
number of crew members. A bigger crew means higher 
costs for shipping company. Ship-owners are aware of the 
importance of coatings in maintaining ships, which makes 
them efficient, safe and profitable. For the types of ships 
that have been discussed in this article, as well as other 
types of ships, the cost-effectiveness of hull maintenance 
by crew in relation to the shipyard cost is determined by 
comparative analysis. Considering the fact that the cost of 
manpower is increasing and on the other hand companies 
are trying to limit the costs, it is assumed that the mainte-
nance will mostly be done in shipyards. 

This hypothesis may be the material for future research.

References

 [1] Ahmad Z., Allan I., Aleem B. (2002). Effect of Environmental 
Factors on the Atmospheric Corrosion of Mild Steel in Ag-
gressive Sea Coastal Environment, Anti Corrosion Methods 
Materials, Vol. 47, No 4, pp. 215-225.

 [2] Amtec Cosultants, Amtec Guide to Surface Preparation, Copy-
right© Amtec Limited 2018.



165R. Ivče et al. / Scientific Journal of Maritime Research 34 (2020) 156-165

 [3] Dhillon, B.S. (1999). ‘Design reliability: fundamentals and 
applications’, CRC Press, Boca Raton, Florida.

 [4] Doherty P.E. (2016). Shipboard operating and maintenance 
procedures and the knowledge gap, Journal of Marine Engi-
neering & Technology, Vol. 15.

 [5] EMSA (2017). Annual overview of marine casualties and in-
cidents. 

 [6] IMO, International Convention on Standards of Training, 
Certification and Watchkeeping for Seafarers, 78/95.

 [7] IACS (2001). ‘Guidelines for coating maintenance & repairs 
for ballast tanks and combined cargo/ballast tanks on oil 
tankers’, Recommendation 87, Rev. 1, London.

 [8] IMO (2011). Resolution A.1047(27) Principles of minimum 
safe manning.

 [9] IMO (1993). ‘International Management Code for the Safe 
Operation of Ships and for Pollution Prevention (Interna-
tional Safety Management – ISM code)’. IMO Resolution 
A.741 (18), London.

 [10] Lazakis I., Turan O., Judah S. (2012). Eestablishing the opti-
mum vessel maintenance approach based on system relia-
bility and criticalityRINA.

 [11] Lorange P. (2009). Shipping strategy, Cambridge University 
press. 

 [12] OCD (2003). Security in martime transport: risk factors and 
economic impact, Organisation for Economic Co-operation 
and Development.

 [13] Ozgur, U.S. (2008). Interaction between the Ship Repair, 
Ship Conversion and Shipbuilding Industries, report pre-
pared by Organization for Economic Co-operation and De-
velopment, Government of Turkey.

 [14] Počuča M. (2006). Methodology of day-to-day ship costs as-
sessment, Transportation Economics. 

 [15] Shields, S., K.J. Sparshott and E.A. Cameron (1996). Ship 
Maintenance: A Quantitative Approach. London, Marine Me-
dia Management Ltd.

 [16] Stopford, M. (2010). ‘Maritime economics’, Routledge, Lon-
don.

 [17] The North of England P&I Association, Wire Ropes and 
Their Uses, Ships, Newcastle upon Tyne, 2015.

 [18] Zhao Y., Wu J., Wang J. (2001). Corrosion Monitoring of Ship-
building Steel Beneath Thin Seawater Films, Corrosion Sci-
ence and Protection Technology, Vol. 13, No. 5, pp. 289-293.


