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Summary: In this article we analyzed real thickness measurement data collected on aged bulk carrier. Totally 25 aging bulk carriers were 

investigate under the 38 special ships surveys. As it is most important part of bulk carriers are fuel oil tanks, which can be located in 

different areas, in this article we analyze fuel oil tanks located in double bottom tanks. During exploitation life of ships there are lot of 

influenced factor as it is cargo operation, maintains, type of cargo, transport route and etc., which can accelerate corrosion and lead to 

different steal damage. From that reason it is important to analyze corrosion data in order to describe the expected corrosion. The aim of 

this article is to analysis totally 3136 thickness measurement data and find some correlation between the measured values and the time. It is 

clearly seen that the number of measurements increases with the time which can affect the results of the statistical analysis. Obtained 

statistical and graphical results show that the linear regression between statistical value and the Year parameter would be well appropriate 

to describe estimation model for inner bottom plates of bulk carriers. 
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1. Introduction 
Lot of research last few decades were related to bulk 

carriers and tankers, as a vessel affected with critical corrosion 

damages. Aggressive environment, specifics of trade routes, 

continual contact with salt water and atmosphere, cargo and ballast 

effects dry and wet ballast circles, ratio of ballast and cargo, 

frequencies of cargo loading/unloading operations, etc., often 

affected serious bulk carriers’ corrosion deteriorations [1, 2, 3, 4].  

 

Numerous corrosion models have been developed to date for 

different structural areas and structural elements, as it is transversal 

bulkhead of bulk carriers [5], inner bottom plating [3, 6, 7] or all 

structural members (see Paik et al. [1, 8]). Most notable are those 

related to the consideration of historical data that testify to the 

constriction of structural elements during exploitation. From that 

reason, only huge data bases of aging bulk carrier can contribute to 

a better understanding of the corrosion process and to predict its 

rate over time. In that way, this article is the continuation of 

research aimed at understanding the corrosion of fuel tanks in in 

aging bulk carriers.  

 

The research in this paper is a continuation of previous research of 

corrosion investigations on fuel oil tanks where are established 

different two and multi-parameter continuous distributions as it is 

normal, Weibull and logistic distributions which are best fitted 

distributions for the corrosion [3, 6]. 

 

This paper is organized as follows. Section 2 firstly gives a short 

description about input data and motivation for this investigation. 

Section 3 explain descriptive statistic for collecting data which are 

dedicated to corrosion wastage of inner bottom plates of aging bulk 

carriers [3, 6]. Chapter 4 presents regression analysis between 

statistical values and the time. Chapter 5 is dedicated to conclusion. 

 

2. Input data 
As it is mentioned earlier, large data base has been provided 

by the recognized ultrasonic measurements used from the INVAR-

Ivošević Company (see Acknowledgement) during the last fifteen 

years [3, 6]. These data were collected through numerous 

standardized and very detailed measurements over almost all hull 

structure members of the group of analyzed aged bulk carriers.  

 

In spite previous research on aging bulk carriers are covered mostly 

on cargo holds and ballast tanks [5, 9, 10, 11], in this article, only 

bulk carriers’ fuel tanks have been analyzed. Despite the damaged 

of ships structure can be find due to general corrosion, pitting, 

fatigue and other reasons, but only general corrosion were analysed. 

 

The total of 25 aging bulk carriers ranging from 5 to 25 years of age 

is investigated and 71 different fuel oil tanks were included in this 

research. Based on a clearly defined methodology and overall data 

collected, we consider in this paper a totally 3136 measuring data. 

Analyzed data of thickness measurement of inner bottom plating of 

fuel oil tanks are part of collecting data during 38 different special 

surveys which were conducted after 5, 10, 15, 20 or 25 years of 

exploitation life cycle.   

 

Data were collected for vessels which had different age and some of 

vessels were analyzed few times during exploitation. The data is 

denoted by l, which is the difference in thickness. The numbers of 

data related to the vessel’s age are showing in Table 1, where all are 

present thickness measurement data collected after 5, 10, 15, 20 and 

25 year. Thickness measurement data were in range of 0 mm up to 

6,7 mm of diminution.  

 

Table 1: Review of collected data per year 

Age [year] Number of data 

5 230 

10 266 

15 526 

20 998 

25 1016 

 

3 Descriptive statistics for the collected data 
The distributions of the data are visualized in Fig.1 and 2. 

The x axis is the measured value, and the y axis is the count of a 

certain interval. It is clearly seen that the histogram is “moving” 

toward larger values by the time. Minitab 18 software was used for 

statistical, graphical and numerical results of analyzed data. 
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Figure 1: Histogram for the vessels’ data grouped by the age 
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Figure 2: Histogram for the vessels’ data grouped by the age in separate diagrams 

 

The distribution of the data is not well known and described. The 

distribution regarding the age factor were controlled for normal, 

lognormal, Weibull, exponential, logistic, smallest extreme values 

distributions and the data is not fitted. (In case of distributions 

related to positive numbers, the values were neglected from the 

data). Therefore the statistical parameters (such as mean, median, 

and so on) could describe the measurement values. Those statistical 

values are presented in Table 2. 

 

Statistical values of data collected (the data are in mm) 

Age [year] Mean StDev CVariation TRMean Skewness Kurtosis 

5 0.109565 0.097545 89.02948 0.105825 3.280854 28.88383 

10 0.38609 0.373553 96.7527 0.351667 1.44518 1.398052 

15 1.421863 0.969358 68.17518 1.387131 0.199421 -1.03158 

20 1.991483 1.273258 63.93518 1.954566 0.387214 -0.86397 

25 3.28878 1.851659 56.30233 3.308425 -0.02964 -1.56701 
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Above tables show the statistical values for the collected 

data where are [12]: 

 

 Mean: The mean is the average of the data, which is the 

sum of all the observations divided by the number of 

observations. ( ) 

 StDev: The standard deviation is the most common 

measure of dispersion, or how spread out the data are 

about the mean. ( ) 

 CVariation: The coefficient of variation (denoted as 

COV) is a measure of spread that describes the variation 

in the data relative to the mean. 

 TRMean: The trimmed mean is the mean of the data, 

without the highest 5% and lowest 5% of the values. 

 Skewness: Skewness is the extent to which the data are 

not symmetrical.               

(In case of normal distribution)  

 Kurtosis: Kurtosis indicates how the tails of a distribution 

differ from the normal distribution.  

. 

 

Above mentioned values are good in case of really or 

approximately normal distributed data. When the distribution 

is not known it is better to use the following statistics (Table 

3): 

 

Table 3. Statistical values of data collected (the data in mm) 

Age [year] Q1 Median Q3 IQR Minimum Maximum Range 

5 0 0.1 0.2 0.2 0 1 1 

10 0.1 0.2 0.5 0.4 0 1.6 1.6 

15 0.4 1.5 2.2 1.8 0.1 4 3.9 

20 1.1 1.8 3.1 2 0 5 5 

25 1.5 3.2 5.2 3.7 0 6.7 6.7 

 

In Table 3 we can see the statistical values for the collected 

data where are [12]: 

 Q1, Median and Q3 are the quartiles. Quartiles are the 

three values–the first quartile at 25% (Q1), the second 

quartile at 50% (Q2 or median), and the third quartile at 

75% (Q3)–that divide a sample of ordered data into four 

equal parts.  

o The first quartile is the 25th percentile and 

indicates that 25% of the data are less than or 

equal to this value.  

o The median is determined by ranking the 

observations and finding the observation that 

are at the number [N + 1] / 2 in the ranked 

order. If the number of observations are even, 

then the median is the average value of the 

observations that are ranked at numbers N / 2 

and [N / 2] + 1. 

o The third quartile is the 75th percentile and 

indicates that 75% of the data are less than or 

equal to this value. 

 IQR: The interquartile range (IQR) is the distance 

between the first quartile (Q1) and the third quartile (Q3). 

50% of the data are within this range. 

 Minimum: The minimum is the smallest data value. 

 Maximum: The maximum is the largest data value. 

 Range: The range is the difference between the largest 

and smallest data values in the sample. The range 

represents the interval that contains all the data values. 

The boxplots with quartiles, minimum and maximum values 

are in Fig. 3. The lowest point is the minimum of the data set and 

the highest point is the maximum of the data set. The box is drawn 

from Q1 to Q3 with a horizontal line drawn in the middle to denote 

the median. 
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Figure 3: Boxplot for the vessels’ data 
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3. Regression between the statistical values and the time 

Linear regressions are presented here between the statistical values (Mean, StDev, and so on) and the Year parameter. The following 

figures show connections between these variables. The goodness of fit is denoted by R-sq. The closer is the R-sq value to 100% the better the 

fitting. The equations are on the top of the graphs, and the green line is related to the 95% confidence interval for the equation. With the help 

of these equations the future behaviour of the vessels’ data could be predicted, i.e. what will be in 30 years. 

 

  

  

  
Figure 4: Regressions for the Table 1 

 

There are good linear regressions between Mean and Year, StDEv and Year and TRMean and Year variables due to goodness of 

denoted R-sq is greater then 90%. The skewness values are moving toward 0 (which is the normal distribution case) by the time. The kurtosis 

values are quite different at 5 year, 10 year and in case of the other values.  
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Figure 5: Regressions for the Table 2 

 

There are good linear regressions between quartiles and 

Year, IQR and Year and Range and Year variables. As we can see 

from Figure 5 almost all analyzed value of R-sq is grater then 93% 

of confidence what is mean excellent linear regression of all 

collected data from Table 3. 

 

4. Conclusion 
Motivated by previous research of author of this analyze 

regression model related only to inner bottom plates of aging bulk 

carriers. Precisely, in this article we analyze some empirical data 

collected on inner bottom plating, as a part of 71 fuel oil tanks of 25 

aging bulk carriers. In order to predict future behaviour of the 

specific structural vessel’s data could be predicted. On that way, we 

can predict what will be in 30 years of vessel explanation. 

Also, considering above analyzes we can compare any data 

in range of 5-25 years of exportation and consider intensity of 

corrosion of structural areas.  

On that way, we can use different empirical data and larger 

set of measuring data in order to predict future condition of vessel 

in different structural elements or areas. This will be part of future 

research in this field.  
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