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SUMMARY 

 
Executive summary: 

 
The intention of this document is to bring to Membersí attention the 
risks for unstable brittle fracture, particularly in way of side shells, of 
vessels constructed with steel of unqualified fracture toughness and 
operating in cold water such as the North Atlantic.  

Action to be taken: 
 
Paragraph 17 

 
Related document: 

 
IACS Bulk Carrier Safety FSA, 2001 

 
 
Introduction 
 
1 On 19 March 2002, the loaded bulk carrier Lake Carling, while transiting the Gulf of 
St. Lawrence in benign wind and wave conditions, suffered a 6 metre brittle fracture of the port 
side shell in way of hold number 4.  The vessel was loaded in holds 1, 3 and 5 and had been 
simultaneously de-ballasted during loading according to established procedures and within the 
parameters of the loading manual. 
 
2 The vesselís loading history was examined, beginning with the most recent load of iron 
ore at Sept Iles the previous day, and extending back approximately one year before the accident.  
The only anomaly found was a load of potash taken at Thunder Bay some 15 weeks prior.  At 
that time holds 1, 2, 3 and 5 were loaded such that at frame 86 in hold number 4 (empty), still 
water bending moment (SWBM) was about 103% of the maximum allowable.  Temperatures 
during this time were cold ñ between 0 and 5 degrees C.  In the final report of the Transportation 
Safety Board of Canada it was determined that conditions were created for small initial cracks to 
form at the lower ends of some side frames between frames 85 and 96 in hold number 4 due to:  
 
 .1 service loads greater than those approved for the vessel; 
 
 .2 probable presence of residual stresses; 
 

.3 stress concentration factors due to discontinuity caused by scallop (cut-out) in the 
side frame; 
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.4 the proximity of the frame end to the shell plate seam weld; and 
 
.5 the change in plate thickness at the shell plate seam. 

 
3 The principal fracture was the forward half of a crack manifestation that presented itself 
on either side of the base of the frame.  Five similar crack manifestations were found in hold 
number 4; on the port side, at frames 89 and 93; and on the starboard side, at frames 85, 91 
and 96.  All crack manifestations were found in H strake and appeared to originate near the base 
of the frame at the toe of the weld, and giving rise to two cracks, one forward and one aft of the 
frame, each some 75 mm in length and generally in a characteristic ìVî formation.  All of these 
cracks were rusted and appeared to have been present for some time. 
 
4 The Lake Carling was built in Turkey in 1992 to DNV 1A1 and Polish Registry 
specifications.  The vessel was strengthened for carriage of heavy bulk cargoes and was DNV ice 
class 1C.  Vessel specifications indicate that holds Nos. 2 and 4 may be empty (alternate 
loading).  Strakes H, J and K are all grade A steel, 19 mm thick, with the rolling direction along 
the length of the ship.  G strake, just below H, is similar in quality to the above-mentioned 
strakes but is 15 mm thick.  In shipbuilding, grade A steel is often used in the majority of a hull 
structure, and this was the case for the Lake Carling.  The shear strake (L strake) and strength 
deck were grade E steel 30 mm thick. 
 
5 Two other vessels were constructed to the same plans and specifications as the Lake 
Carling (now Ziemia Cieszynska) and at the same shipyard.  Hull number 14 was constructed in 
1990 and later became the Lake Charles (now Ziemia Gornoslaska).  Hull number 15 was 
constructed in 1992 and later became the Lake Champlain (now Ziemia Lodzka).  The Lake 
Carling was hull number 16.  In December 2003, the Ziemia Gornoslaska was in Montreal for 
repairs to cracks found in the side shell in way of hold number 2. 
 
6 Because samples of side shell steel from both the Ziemia Cieszynska and the Ziemia 
Gornoslaska were made available to the Transportation Safety Board of Canada, metallurgical 
tests and analysis were conducted.  It was found that the steel from both vessels had very poor 
fracture toughness at temperatures near zero degrees Celsius.  In the case of the Ziemia 
Cieszynska, damage tolerance was found to be about 100 mm ñ that is to say a crack of about 
100 mm could experience brittle fracture under normal stress and strain conditions. 
 
7 Although the relationship between Charpy Vee Notch (CVN) energy and fracture 
toughness is not necessarily straightforward, this test has been used with relative success by all of 
the major classification societies for many years by providing a qualitative estimate of material 
toughness.  There are, however, no requirements to use steel of a given CVN energy at low 
operating temperatures in way of the shipís sides (which are usually grade A steel).  Nonetheless, 
cargo vessels may often trade in zones where ambient temperatures are close to, or below, zero 
and these low temperatures generally tend to reduce the ability of the steel to resist crack growth. 
 
8 In a recent review of the fracture properties of LR grade A ship steel, Lloydís Register 
found that from a total of 39 samples coming from a variety of steelmakers world-wide, the 
lowest average CVN recorded was 49 J at 0 degrees C (from one sample), while the average 
value at this temperature amongst all 39 samples was much higher, at 134 J.  Five samples 
(12.8%), however, had fracture appearance transition temperatures (50% FATT) above zero 
Celsius. 
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Discussion 
 
9 According to the IACS Unified Rules, grade A steel less than 50 mm thick (and grade B 
25 mm or less in thickness) does not have to demonstrate a minimum CVN.  Under these rules 
this steel can be used for a shipís side shell.  Testing has shown that the average CVN of grade A 
steel available worldwide is often quite high and grain size relatively small.  This, in effect, sets a 
de facto standard - ship owners, ship constructors, and classification societies all expect and 
depend upon grade A steel having a fracture toughness that is sufficient for all operational 
conditions.  However, without actual standards, expectations are not always enough to ensure 
adequate fracture toughness and damage tolerance. 
 
10 Historical data have revealed that nearly three quarters of all vessel loss- related fatalities 
on bulk carriers are attributable to vessel structural failure.  Other data culled from Lloydís 
casualty database indicates 23 bulk carriers foundered in cold water in a twenty year period, yet 
the causes of the losses are undetermined because the wrecks are unattainable. 
 
11 Although the Enhanced Survey Program (ESP) and other initiatives more recently 
introduced to reduce risk for bulk carriers are continuing to increase safety, the Ziemia 
Cieszynska and her sister ship can be viewed as examples of residual risk that remains in spite of 
these initiatives.  A recent evaluation by IACS of risk control options (RCO) in respect of the 
side shell integrity of bulk carriers identified 15 RCOs, 11 of which were put forward for further 
investigation.  Although one option called for the requirement to use notch toughened steel and 
associated welding consumables for frame brackets, toughness of the metal used in the side shell 
was not addressed or identified as a RCO. 
 
12 The appropriateness of using steel of unknown toughness in vessel construction has been 
raised in various reports and proceedings, including those concerning the loss of the Derbyshire, 
the brittle fractures of the Tyne Bridge and the breaking in two of the Kurdistan.  In a major 
review of a vast amount of available literature concerning the fracture properties of grade A ship 
plate, it was concluded that ì... the crack arrest ability of grade A plate is poor and probably 
inadequate for most ship applications.î (Lake Carling Transportation Safety Board Report (TSB), 
page 15).  Nonetheless, it would appear that, notwithstanding the average high toughness and 
quality of most steels, a significant proportion of grade A and B steels that are not suitable in all 
conditions are still being produced and used in shipís hulls.  Other related documents include:  
TSB Engineering Report LP 022/2002; TSB Engineering Report LP 013/2003; TSB Engineering 
Report LP 002/2004; Marine Casualties Investigations Report Number 483 (1987), Brittle 
Fracture of the O.B.O. Vessel Dodsland; Literature Review of the Fracture properties of Grade A 
Ship Plate OTH 95 489; Lloydís Register ñ Review of the Fracture Properties of LR Grade A 
Ship Steel, 1999; IACS Requirements Concerning Strength of Ships (S6); Recommended 
Fracture Toughness for Ship Hull Steel and Weld, Sumpter, Caudrey; IACS Bulk Carrier Safety 
FSA, 2001. 
 
13 It has been suggested that a FATT below 0 degrees Celsius is necessary to ensure 
sufficient fracture toughness for a shipís hull.  In the Lloydís study of the fracture properties of 
grade A steel nearly 13% demonstrated a FATT above 0 degrees Celsius.  For the Ziemia 
Cieszynska, the FATT was determined to be 32 degrees Celsius.  In other industries, such as 
electric power generation, risks due to brittle fracture are reduced by ensuring that operating 
pressures are only permitted at component temperatures approaching or exceeding the 
componentís FATT. 
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14 Cracks in ships, be they from greater than approved service loads, fatigue, 
loading/unloading equipment, or other sources are a fact of life in the marine world.  All ships 
operating in cold waters and having their side shell of metal with characteristics similar to those 
of the Ziemia Cieszynska are at risk.  The damage tolerance could be less than adequate and 
cracks could remain unnoticed or discounted as insignificant, yet they would still pose a 
significant risk when exposed to low temperatures.  Given the uncertainties and variability of 
fracture toughness for some grade A and B steels, it would appear that residual risks for unstable 
brittle fracture are still present in vessels with hulls constructed with these steels, especially when 
operating in colder climates.  Because there are no IACS Unified Requirements to use steel of a 
certified toughness or minimum FATT in way of the shipís sides for cargo vessels which may 
often trade in zones where ambient temperatures are close to, or below, zero, this safety 
deficiency shall also remain in a significant proportion of new buildings. 
 
Conclusion 
 
15 In light of the lack of toughness standards for grade A steel and the residual risk that 
remains, the establishment of a ìgoal-basedî standard would ensure that steel vessels be 
constructed such that their side shells are of known toughness.  The toughness of the steel would 
be adequate under all expected circumstances such that a reasonable damage tolerance can be 
predicted and relied upon. 
 
16 Discussions will continue with IACS as per above. 
 
Action requested of the Sub-Committee 
 
17 The Sub-Committee is invited to note this information contained in this document when 
discussing matters related to brittle fractures in ships. 
 
 

___________ 


