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Abstract. Bearing capacity of the hull is primarily determined by its longitudinal 
strength. There are always a number of critical cross-sections along the length of the 
hull, which are structural concentrators of stresses caused by loading by goods 
carried, the irregularity of their placement, as well as the wave load. The magnetic 
characteristic of metal, the coercive force, is now the most effective informational 
parameter for practical assessing of fatigue in conjunction with monitoring of the 
current stresses. Several compact transducers in areas-concentrators allow 
monitoring both the current strength and assess the degree of fatigue. The system of 
transducers helps improving safety of loading and unloading works, as well as safety 
of navigation allowing choosing that direction of movement, in which the wave 
impact load on the hull in the critical sections does not exceed the permissible 
boundary values.  
 There is a 10-year experience in monitoring several types of "river-sea" class 
vessels  in  the  process  of  transportation,  as  well  as  in  the  optimization  of  repair  
works (detection of areas losing capability to resist the working load, with the 
assessment of the degree of reduction of capacity after repair and replacement of 
strengthening elements in such concentrator areas). At the same time can also be 
isolated the weakest link in the structure. Based on its current coercimetric state and 
the known boundary value for the brand of metal from which the hull is made, is 
predicted residual life calculated from the known from monitoring rate of fatigue-
type degradation of metal. The proposed monitoring system is simple, reliable and 
convenient in the specific conditions of seagoing vessel operation. 
 
 

Bearing capacity of the hull is primarily determined by its longitudinal strength. 
There are always a number of critical cross-sections along the length of the hull, which are 
objective structural concentrators of stresses, whose state in the course of operation is 
aggravated by loading by cargo carried, the irregularity of their placement, as well as the 
wave load. The metal here because of stress concentration experiences accelerated fatigue-
type degradation. The magnetic characteristic of metal, the coercive force, is now the most 
effective informational parameter for practical assessing of fatigue in conjunction with 
monitoring of the current stresses. Several compact transducers in areas-concentrators 
allow monitoring both the current strength and assess the degree of accumulated fatigue. 

There is a 10-year experience in monitoring several types of "river-sea" class vessels 
in the process of transportation, as well as for the optimization of repair works (detection of 
areas losing capability to resist the working load, with the assessment of the degree of 

More info about this article: http://ndt.net/?id=19341



2 

reduction of capacity after repair and replacement of strengthening elements in such 
concentrator areas). At the same time can also be isolated the weakest link in the structure. 
Based on its current coercimetric state and the known boundary value of the beginning of 
failure  for  the  brand  of  metal  from  which  the  hull  is  made,  is  predicted  residual  life  
calculated from the known from monitoring rate of fatigue-type degradation of metal. The 
proposed monitoring system is simple, reliable and convenient in the specific conditions of 
seagoing vessel operation. 

The magnitude of the required longitudinal strength monotonically depends on the 
coordinates of the hull length. The nature of this relationship is determined by the pattern of 
typical placement of cargo and location of the power plant. Really, from the structural and 
economic considerations, hull of the vessel in this characteristic is a piecewise line 
approximation of a monotonic dependence. It is made up of sections, mechanically uniform 
within each step of structural strength approximation. Therefore, places of interfacing 
sections are objective concentrators of longitudinal stresses of structural origin. Onto These 
initial concentrators are superimposed random loads of wind and wave origin, as well as 
loads from the cargo and ballast. With a particularly unfavorable combination of all these 
factors of loading of the hull there takes place its rapid uncontrolled destruction. If, 
however, the cumulative effect of these factors does not reach the hazardous level, their 
permanent static-cyclic effect on the metal in zones of stress concentration imposes on its 
properties an irreversible and an increasingly accumulative fatigue imprint.  

It is readily recognized by applying methods of evaluating the degree of fatigue 
degradation. Coercive force method as of today is the most effective informationally, most 
convenient and most practical, is cheap in terms of its arrangement costs. If equip the vessel 
hull with a coercimetric system of loading monitoring in a few most prone to fracture cross-
sections along the length of the vessel, then there is a possibility of continuous skipper 
tracking of current hull loading during ballasting, cargo handling, also under storm 
conditions. This allows the skipper to manage the loading, adjusting stresses in the hull 
from the ballast and cargo, as well as choosing the safest course in bad weather, in which 
the total freight and storm stresses in the hull do not reach dangerous levels. Coercimetry of 
vessel hull can be used both for automatic monitoring in operation, and in manual mode, 
with a simple self-contained portable instrument for the current examination to determine 
the degree of fatigue in the areas of greatest stress concentration.  

Such coercimetry in overview mode makes it easy to find such areas. More specific 
measurements within such zones define their borders more precisely, as well as the degree 
of fatigue accumulated in each of them. In operational practice of typical structures, 
location of such zones is generally well known from experience. In such cases coercimetry 
determines the degree of fatigue and its rate of accumulation (with periodic examinations). 

Using these fatigue characteristics is generated the forecast of residual metal life 
based on its current state, rather than on a formal design service life. These measurements 
clearly show where and when it is really necessary to carry out current reinforcing 
maintenance of the hull elements, as well as the limits of its scope depending on the degree 
of metal fatigue degradation, as well as the degree of effectiveness of repairs based on the 
magnitude of reduction of post-repair value of the coercive force. The report is illustrated 
by  the  overview  coercimetry  of  the  hull  within  a  few  years  of  service,  as  well  as  in  the  
process of ballasting and cargo handling works, and shows the difference in the stress state 
of the hull while afloat and in the dry dock, demonstrates the effectiveness of coercimetry 
in pre-repair and post-repair examination. Also shown is an interesting aspect of the 
stresses in the hull due to the difference of temperature of metal of underwater and 
overwater parts, which, as it turns out, may be important or decisive component in hull 
rupture mechanism, other conditions being equal. 

 


