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Abstract. The ship repair process in shipyards is a complex one and its components are usually 

influenced by a significant number of factors with random variability. The retention period of a 

ship in the shipyard for repair works present a particular interest, both for the shipyard and for 

the beneficiary of the repair works. In the most general way, the variables that could be the 

basis for the prognosis of the total period of repair works are selected from the content of the 

technical specification of works prepared by the owner / technical manager of the ship.. The 

paper highlights some independent variables that can be taken into account when estimating 

the period of repair work. The case studies presented in the paper refer to a portfolio of 400 

tank type ships for which repair works were carried out in the Constanta Shipyard. 

1.  Introduction 

A shipyard is interested in estimating the docking time of ships for repair work, in order to plan the 

loading of the gravy/floating docks. The authors of this paper appreciate this estimate depends on the 

content of the Technical Specification of works received from the beneficiary / owner of the ship not 

by the human and technical capacities of the shipyard. The construction of the database from the 

works portfolio of the Constanța Shipyard, respectively the simulation presented in the content of the 

work, were performed based on the hypothesis that the site has at its disposal the optimal number 

(considered constant) of workers and equipment for repairs.The content of the Repair Works 

Technical Specification received by the shipyard (expressed in square meters, cubic meters, linear 

meters, tons, etc.) is the variable that the shipyard takes into account in the analyzes performed to 

assess the possibilities of repair works. 

Resumming: knowing its human resources and technical equipment and considering them constant 

from one project to another, the shipyard is interested in estimating the docking and berthing time of a 

ship for the execution of repair works depending on the content of the Repair Works Technical 

Specification (this content being the variable of interest for the shipyard). 

This is the question to which the authors have tried to provide an answer in the content of the paper. 

Without claiming a complete knowledge of the contributions made, over time, by various authors, 

on the subject of interest [1], [3], [4], [5], [7] it was found during the documentation that the studies 

analyzed refer, in particular, to the minimization of ship operating costs and ship maintenance costs 

(depending on the evolution of the maritime transport market and the evolution of fuel prices). From 

the documentation made, it was found that there is insufficient information regarding the analysis, 

modeling and forecasting of the total period of ship maintenance and the docking period in a shipyard, 

although there are also authors [2] concerned with this subject, including the authors of this paper[12], 



 

 

 

 

 

 

[13], [14], [15], [20]. 

The conclusion is that modeling must necessarily be preceded by: 

a) knowledge of the operational structure of a shipyard for ship repairs, because it directly 

influences the construction of the mathematical model, allowing the particular identification of 

the variables to be taken into account in the modeling process; 

b) knowledge of the works to be performed on the docked ship and, if applicable, of the works 

performed with the ship at the quay (the difficulty of mathematical modeling is generated by 

the fact that, during the course of the works, additional work may occur that requires 

execution and is very difficult to anticipate, in many cases); 

c) identifying the number of variables with significant influence and their inter-relationship.  

2.  Identification of variables with significant influence on the ship repair process  

In the most general way, the variables that could be the basis for the mathematical modeling of the 

total period of development of ship maintenance works and the period of docking in a shipyard, could 

be selected from the volume of works included in the technical specification and which, in principle, 

comprises [21], [22], [23], [24], [25]: 

 works executed with the ship in the dock: external coating treatment (high pressure water 

washing; washing with water at low pressure; sandblasting to different quality standards; 
air blowing; dye house); overhaul valves and siding flaps; anodic protection (anode 

replacement); anchoring installation works; hull cover sheet replacement; governance 

system works; propulsion plant works etc. 

 works performed with the ship at the quay: replacement of body structure sheets in 

different locations; treatment works in locations other than the outer body such as ballast 

tanks and cargo warehouses, exterior decks, superstructure; pipe replacement works of 

different diameters; mechanical and electrical works on equipment and installations by 

types of equipment; works necessary for the preparation of the ship for the execution of 

maintenance works consisting of scaffolding works on different locations for sheet metal 

replacement and treatment as well as cleaning works for ballast and / or fuel tanks. 

The experience of the shipyards concludes that the retention period of a ship in the dock and / or at 

the quay for the execution of repair works depinde de un număr considerabil de factori cu o variaţie, 

de multe ori aleatoare, which negatively affects the possibilities of forecasting the duration of the 

works. 

It is therefore considered necessary to highlight the intensity with which one or another of these 

variables affects the duration of the detention period of a ship in the dock and / or at the quay for the 

execution of repair works, to be able to determine, finally, what is the number of variables that can be 

taken into account in an anticipatory forecasting process considered to be reasonable. Based on studies 

and research [2], [10], [18], the validity and appropriateness of using the following function were 

analyzed: 

                                             (1) 

The meaning of the terms involved in relation (1) is specified below: 

      - the period of carrying out the maintenance works of the ship at the dock and at the quay 

in the shipyard; is expressed in number of days from the date of entry of the ship to the shipyard until 

the completion of the maintenance works and the date of departure of the ship from the shipyard; 

   - the age of the ship at the time of indocked and/or berthed ship maintenance works performing 

in the shipyard; it is expressed in years and is calculated from the date of delivery of the ship in 

operation to the shipowner; 

     - the deadweight of the ship; is expressed in tons; 

       - the ship external hull treatment works volume; is expressed in square meters; 

       - the ship piping replacement works volume; is expressed in linear meters; 

       - the ship steel plates replacemet works volume; is expressed in kilograms; 



 

 

 

 

 

 

       - the ship internal hull treatment works volume; is expressed in square meters;  

      - the ship scaffolding works volume for access; is expressed in cubic meters; 

       - the ship cargo/ballast tanks volume cleaning works; is expressed in cubic meters; 

       - the ship cargo/ballast tanks surface cleaning works volume; is expressed in square 

meters. 

The database was built in an EXCEL software file and, in order to avoid oversizing the work, 

only the limits (minimum and maximum) of variation of the values of the independent variables are 

indicated in table 1.  

The case study was carried out for a number of 400 tank type ships (see figure 1.) included in the 

works portfolio of the Constanța Shipyard. 

Table 1. Variation limits of independent variables 

   minimum – 1year; maximum - 44 years 

     minimum - 3 390 tons; maximum - 170 022 tons 

       minimum - 0 square meters; maximum - 209 999 square meters 

       minimum - 0 linear meters; maximum - 2 903 linear meters 

         minimum - 20 kilograms; maximum - 523 876 kilograms 

       minimum - 0 square meters; maximum - 98 346 square meters 

      minimum - 0 cubic meters;
 
maximum - 19 234 cubic meters 

       minimum - 0 cubic meters; maximum - 1 340 cubic meters 

       minimum - 0 square meters; maximum - 4 289 square meters 

 

Fig. 1. Number of ships included in the database correlated with the number of days of detention 

of the ship in the repair shipyard 

3.  Case sudy 

The paper aims to express individually the evolution of independent variables depending on the 

dependent variable (see figure 2), aiming to highlight the degree of scattering (dispersion). For a more 

suggestive illustration, the graphical representations were made with both EXCEL and MATLAB 

Software and show the data dispersion and the interpolation line. 
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the age of the ship; is expressed in years 

  
the deadweight of the ship; is expressed in tons 

  
the ship external hull treatment works volume; is expressed in square meters 

  
the ship piping replacement works volume; is expressed in linear meters 

  
the ship steel plates replacemet works volume; is expressed in kilograms 

Fig.2. Data scatter and interpolation line [left in EXCEL; right in MATLAB] 
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the ship internal hull treatment works volume; is expressed in square meters 

 
 

the ship scaffolding works volume for access; is expressed in cubic meters 

 
 

the ship cargo/ballast tanks volume cleaning works; is expressed in cubic meters 
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the ship cargo/ballast tanks surface cleaning works volume; is expressed in square meters 

Fig.2. Continuation 

Table 2 presents the results obtained, with reference to the analytical expression of the 

regression function, the limits of the confidence interval and the predicted value for the time 
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 necessary to perform the respective work. 

Table 2. Results 

analytical expression of the regression function 

the limits of the 

confidence interval 

(95%) 

(marked on the graph 

with dotted red lines) 

predicted value 

                       +/- 20.28 days 21.22 days 

                         +/- 23.57 days 18.53 days 

                           +/- 23.5 days 19.88 days 

                              +/- 20.95 days 39.87 days 

                             +/- 17.07 days 53.11 days 

                           +/- 17.34 days 36.03 days 

                            +/- 16.03 days 51.81 days 

                              +/- 22.13 days 29.74 days 

                              +/- 19.23 days 39.70 days 

4.  Conclusions 
Multiple correlation coefficient [5], [16],  , has values between   (if there is no connection between 

the dependent variable and the independent variables) and 1 (if there is a perfect functional 

connection). 

Multiple coefficient of determination [5], [16],    , which is the square of the multiple correlation 

coefficient, shows the proportion of the total variation of the dependent variable, which is explained 

by the independent variables. In practice, a multiple correlation is considered to be strong enough if 

the value of the coefficient of determination is greater than 0.7 (or 70%, in percentage expression). 

For the case study, the results are presented in table 3. 

The interpretation of the obtained results leads to the conclusion that the analysis based on a single 

independent variable cannot be considered satisfactory, the values of the simple coefficient of 

determination,   , being small (between 0.001 and 0.555) which shows that the period of carrying out 

the maintenance works of the ship in the dock and at the quay in the shipyard, depends on many 

factors, each, in part, contributing to a certain proportion, quite little. 

Table 3 Multiple coefficient of determination,    and multiple correlation coefficient,   

Equation      

             0.2592 0.5091 

                0.0018 0.0429 

                 0.0090 0.0952 

                 0.2393 0.4891 

                   0.5003 0.7073 

                  0.4670 0.6833 

                0.5555 0.7453 

                  0.1349 0.3673 

                 0.3522 0.5935 

Given the previous findings and starting from the premise that each shipyard has unique 

organizational and functional structures, to improve organizational performance by forecasting the 

duration of maintenance work on ships in shipyards, the following recommendations can be made: 

 request from the owner / technical manager of the ship a technical specification of works 

as correct and complete as possible; 



 

 

 

 

 

 

 the use of distinct databases, built on functional and constructive types of ships; 

 the use of the own portfolio of ships for which maintenance works were performed in the 

dock and / or at the quay; 

 implementation of an IT system for managing the databases in its own portfolio, for 

updating, in real time, the forecasting equations of the duration of maintenance works of 

seagoing ships in repair yards. 
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