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Project Objectives  

Over the past years, container ships have grown dramatically in size and the largest ships today have more 

than 21,000 nominal TEU positions. The increasing size of container ships influences their structural re-

sponse to waves, and large ships are structurally ‘softer’ than their smaller counterparts. Wave impacts on 

the hull can cause global high-frequency vibrations in the structure at its natural periods (typically around 

2-2.5 seconds). Traditionally, these vibrations are considered from a strength and fatigue point-of-view 

during the design. 

As vessels grow, the number of containers carried on deck also increases with lashing bridges and stacks 

becoming higher and higher. Traditionally, the governing load case for lashing forces is a large roll angle 

with a period of more than 10 times the natural periods of the hull, and the abovementioned high-fre-

quency vibrations are not considered. However, experience from operation of large container vessels show 

that the high-frequency hull vibrations may in some cases become the governing load case for the lashing 

forces. 

The behavior of container stacks and vessels and the interaction between the two systems are highly com-

plex. One of the largest uncertainties in the assessment of the loads and response in a container stack is 

the flexible behavior of the ship structure. This behavior can be assessed numerically using large finite ele-

ment models, but there are several uncertainties affecting the results such as wave impact location and 

duration, structural damping, damping from cargo and damping from the interaction between the structure 

and the water (so-called added mass, friction, and wave generation). Furthermore, the deformation modes 

of the hull are uncertain and difficult to assess from numerical models. Experience shows that dominating 

deformation modes are vertical bending and torsion in combination, but the modes are coupled and affect 

the ship differently along the length of the hull. In addition, numerical methods have recently been devel-

oped to take springing and whipping into account in the design phase, per guidelines produced by several 

of the classification societies. These methods rely on adding known target damping. There is thus a need 

for more full-scale data, and data together with information on wind and wave conditions, ship speed as 

well as cargo condition and draft that may affect the natural frequencies and damping values. It has been 

shown, when modelling the response of the container stack, that it is very sensitive to the damping, namely 

the time it takes for the hull vibrations to be dampened out, so knowledge about the damping of the system 

is essential. 
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Project Overview and Results 

The project was conducted primarily by Saeed Shakibfar, who was hired by SDU as a PostDoc, from 1. Oc-

tober 2018. Supervision was provided by Associate Professor Anders Brandt from SDU, and by Ingrid Marie 

Vincent Andersen from Maersk. Data were provided by Maersk.  

The project had four main phases, and the results of each phase are reported below. 

1. Develop an automatic modal analysis algorithm that can automatically track the modal parameters 

(resonance frequencies, damping factors, and mode shapes). 

This part was successfully completed by complementing results from existing software at SDU, and new 

development for data import and organization. The software is capable of calculation of the modal pa-

rameters from acceleration or strain time data. 

2. Develop a database to handle big data: Time data of vibrations and operating conditions from the ship 

measurements will produce Terabytes of data, which need to be stored and retrieved fast, in order to be 

able to analyze the data and find the patterns between the modal parameters and operating conditions. 

Software was developed to link vibration data and modal parameters estimated by the software devel-

oped under point 1. above, with operating data provided by Maersk as an Excel file. This means that 

the vibration data could be tagged by wind and wave directions and severity, ship speed, draught, and 

other relevant parameters, that may affect the vibration parameters (primarily damping). 

3. Analyze data using the algorithm and database thus developed. 

Due to difficulties with the third party who were going to supply measurements systems to a number 

of Maersk’s ships for continuous monitoring, this part of the project had to be redefined. Data were 

therefore obtained from a 10,000 TEU container ship, which had been instrumented for another pro-

ject, and for which vibration and operational data from a number of days over a period of three years 

were available. We were able to identify the three first, and most important, vibration modes of this 

ship. These results will soon be published in a scientific paper in the proceedings of the conference 

PRADS 2019 (Practical Design of Ships and Other Floating Structures) held in Japan. These proceedings 

are published by Springer, Germany. The primary result was that we could show that the natural fre-

quencies and mode shapes do not vary significantly with operating parameters, but that the damping 

correlates positively with ship speed. As actual measured damping estimates for large container ships 

are very rarely published, the results produced are very important to increase the understanding damp-

ing values of ships in operation. 

4. Developing an algorithm that will find the correlation of excessive vibration and operating conditions. 

In this phase, the cause of the excessive vibrations will be identified. 

For the reasons described in point 3, this part was dropped. 

Future Benefits of Project Outcome 

At SDU we now have experience and software available to analyze data from similar ship measurements in 

the future. We hope to participate in future projects where we can continue to obtain important vibration 

data from ships in operation. 

 

 


