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Hull stress monitoring

INCLUDES CHANGES

JUST WAITING FOR PICTURES

DECK HEAD

Wouldn't it be sensible to know what stress your vessel was under at all times. Over the short term you can take action if stresses get out of hand, and over the longer term you can assess the remaining fatigue life of the structure

BODY

There is a lot to be said for real time hull stress monitoring, ie measuring local and hull girder stresses along a vessel’s length. 

If the mean hull stress at a location suddenly increases (ie the vessel suddenly flexes more than it should do), it could be due to water leaking into a hold or cargo tank or some form of structural failure or other emergency situations you would really like to know about immediately. 

If hull stress is generally higher than it ought to be, then it could indicate the effects of adverse weather, an unacceptable level of corrosion or that the ship is not loaded (or being loaded) correctly. These are also things you would like to know about.

Over the longer term, it would be very helpful to have a picture about the dynamic stresses (the magnitude and frequency) that the hull is subject to, because by analysing this you can work out if the vessel is aging at the rate that was expected. You could find you have substantially more or less years of life in your vessel than you thought.

The installation and training costs of a hull stress monitoring system are approximately $50,000 - $80,000, with annual costs for recalibration and optional data analysis of $2,000- $12,000. All of this can be quickly recouped if it demonstrates ways to reduce heavy weather damage, increase the life of the vessel, or avoid disputes with charter parties and lawyers. 
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What is hull stress monitoring?

Simply put, hull stress monitoring measures the flexing of the hull structure at specific locations and displays and records this information in real time.  Vessels, like the wings of an aircraft, are designed to flex at different loading conditions but only by a specific amount. 

A vessel’s hull structure is continually stressed due to the forces arising from the imbalance between the weight of the structure and cargo and the buoyancy of the hull. 

The stress is further compounded by waves, which continually vary the forces and hence stresses at any location.  The resulting stresses are called dynamic stresses. 

Hull stress-monitoring systems typically use a long base strain gauge (LBSG) to measure hull flexing (strain) and hence stress.  These are 2.0m to 2.5m long and as the ship flexes the distance between the two datum points is accurately recorded typically to within 5 micro strains.  

Typically samples of the LBSG readings are measured 100 times a second (100 Hz) to ensure that very fast changes in hull stress (for example, the hull slamming on the water as a wave passes underneath it) are measured. 

A typical Class Approved system has four such devices along the length of the vessel and an accelerometer near the bow. 
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The Prestige 

The Prestige, observers will recall, finally broke in half because the hull was placed under undue stress (calculated afterwards to be 163 per cent of the maximum theoretical stress that the hull could hold). 

The hull was placed under stress because one of the ballast tanks, which had been previously empty, was deliberately flooded with water, to stop the vessel from listing, after a ballast tank on the opposite side accidentally flooded with water causing the ship to list 25 degrees (the cause of this is not yet known).

If the vessel had been fitted with a hull stress monitoring system, it would have sounded an audible alarm as the second ballast tank was being deliberately flooded with water and the stresses approached pre-determined and Class Approved limits.

If whoever was making decisions at the time had known that the options were having a ship listing 25 degrees (with a possibility of it being towed to safety) or almost certainly splitting in half due to stresses being greater than the hull could handle, a different decision might have been made and the ship might have been saved. Who knows? 
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Hull stress monitoring and loading computers

All ships are required to have loading computers, which calculate the theoretical load that the ship can carry, or the best way to load the ship ensuring that the hull does not come under too much stress. 

The loading computers have data about the ship's hull and strength stored on it, provided by the shipyard and generated during the actual design of the hull. 

Whilst this is of course very useful information, a hull stress monitoring system can go much further because it gives real information about the stress the hull is under. 

For example, actual scantling thicknesses obtained from surveys, can be included to assess the effect of known corrosion and anticipated corrosion rates Also, in the case of Bulk Carriers, what if the vessel is being loaded incorrectly and so being put under too much stress. 

British Maritime Technology, which claims to be the leading producer of hull stress monitoring systems, tells the story of a vessel being loaded in a South American port, when the hull stress monitoring alarms suddenly went off. 

On investigation, the officers discovered that the vessel was being loaded at a rate three times faster than was written in the contract. 

Stories of hulls breaking whilst vessels are being loaded or unloaded are not unheard of.  The risk of vessels being unduly stressed through poor cargo operations clearly still exists.  
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Using the data onboard 

The ship's officer can have a continuous real-time display of the stresses that the ship's hull is under (similar to a speedometer in a car); alarms will sound if the stress or vessel motions go above a specific level so that emergency action can be taken. 

In non-emergency scenarios, the data is still useful, because small adjustments to the vessel’s speed or course can lead to significant changes in the dynamic component of hull stress, and if these are made the vessel’s fatigue life can be increased. 

Whilst all experienced captains develop a sense of how a ship is feeling from the sounds it makes and how it feels to handle, the hull stress monitoring system can back up the intuition with hard information. 

The system can also provide useful information about whether ballasting is required when moving empty vessels through heavy weather. 

Empty ships are often partially filled with water (ballast) to help the ship’s hull absorb stresses of heavy seas.

Whether to ballast or not is often a matter of the master’s judgement, although there are substantial costs involved, including the time the ship is held up while filling and emptying tanks and the costs of treating the ballast water afterwards. 

Hull stress monitoring systems can provide data about whether such a system is actually required or not. If a hull stress monitoring system prevents just one ballasting operation, this can cover its costs of installation. 

All masters are comprehensively trained in how to use the system by BMT as part of the installation package; the company also provides user manuals, a training video, and a quick fact sheet. Training takes 3-4 hours and support is available from their Southampton office.
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Using the data onshore 

The data can also be periodically sent back to the office for analysis. It can be automatically sent back via satellite and e-mail every day, giving the shipmanager reassurance that the hull stress is within reasonable limits, or alternatively a year's data can be analysed, to check that nothing untoward is happening and to assess the vessel’s operation and fatigue life expectancy. 

With this data to hand, changes can be made to the shipping operation in order to maximise life of the ship. For example, ships might be under far more stress in the North Atlantic than in the Pacific. An owner could quantify this effect and rotate ships between different routes to extend their life and optimise the utilisation of his assets. 

If the vessel is being sold, the data can be produced as evidence of how well the ship has been looked after during its lifetime and how many years of value it is likely to provide to its new owner. 

BMT has recently linked a hull stress-monitoring device to the shipboard computer network, which can be accessed from shore, enabling shore based engineers to find out about ship hull stresses any time they want to. 
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British Maritime Technology

British Maritime Technology claims to be the world's leading producer of hull stress monitoring systems, with about 50 per cent of the estimated 200 to 250 hull stress monitoring systems fitted on vessels today. 

The company is essentially a naval architecture consultancy, but works on using their expertise to develop bespoke software based products. The company has experts in ship structures and hydrodynamics. 

"Historically our development of hull stress monitoring systems was based upon the expertise of our Structures Department.  We now have a dedicated team of engineers and software developers,” comments Gwynne Lewis, Operations Director of BMT SeaTech. 
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Why do ships break?

There are three usual reasons why a ship’s hull would fail when subjected to an otherwise acceptable load. One is corrosion (ie the steel rusting); the other is fatigue (the steel gradually gets weaker as it is comes over continual cyclical stresses over the years). A further is welding or structural defects. In all of these cases, the structure reduces in strength. 

In principle the idea is replace the steel or to an extreme to scrap the vessel before it reaches the point where it cannot bear its load. 

Many engineering methods have been developed of calculating the expected life of steel due to corrosion and fatigue, but there are always limits to the accuracy of these calculations. 

The overall fatigue life of the ship comes down to every strut and piece of metal within it, all of which have their individual fatigue lifetimes and if one calculation is wrong then the fatigue calculation for the whole vessel is wrong. 

Also, corrosion can vary due to aspects such as the coating used and its thickness, the water temperature and composition. There have been many cases of vessels corroding faster than had been expected. 
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Calculating the ship’s life

Mr Lewis tells the story of a project BMT was involved with 8 years ago, when an owner of a brand new bulk carrier made of high tensile steel asked the company to calculate how many years of life the vessel had. 

BMT calculated the vessel to have a theoretical fatigue life of just 8 years, which was something of a shock to the owner. 

2 years later, the vessel had collected 2 years of stress monitoring data, which was analysed by BMT, who used this data to re-confirm its original findings

8-9 months ago, Mr Lewis said, the owner contacted BMT and said that the ship had just been given severe restrictions to its operation, due to serious fatigue related damage, happening within several months of when BMT originally predicted that it would. 

BMT is frequently asked to analyse ship designs from major shipyards, to optimise them to improve the fatigue life of the vessel, both by modifying the steel thickness and improving the design of structural details. 
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