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1 EXECUTIVE SUMMARY 
DNV AS, Materials Bergen (DNV) has been requested by Marine Accident Investigation Branch (MAIB) to perform a 
failure investigation of a fractured chain.  

The chain has been used as part of a quick release system for trawl gear onboard the trawler Cornishman. One of the 
chain links in the quick release system on the port side of the vessel fractured, causing the trawl fishing gear to fall 
down. 

1.1 Conclusions 
Based on the performed examination, the following is concluded: 

- Based on comparison between wear marks on the fractured chain and the corresponding chain on the 
starboard side, the fractured link is assumed to have been positioned at the derrick head pin, on the side 
towards the steel wire rope side, meaning that bending of the chain link has occurred.  

- A large number of cracks and crack-like indications have been detected, both in the portside chain that 
fractured, but also in the starboard chain used in parallel to the portside one. The large number of cracks are 
believed to be related to environmentally induced cracking, most likely related to hydrogen embrittlement. This 
has induced crack growth in multiple positions.  

- The underlying cause of fracture is a high hardness and low ductility chain material in a corrosive environment 
(giving hydrogen formation), in combination with tensile stress, giving material embrittlement. Hydrogen 
introduced during the steel chain manufacturing process may also have contributed to the material 
embrittlement.  

- The mechanical testing confirms very low ductility of the material, (yield to tensile strength ratio of 0.99 and 
0.998 for the fractured chain and the reference chain, respectively). Low ductility increases the susceptibility to 
environmentally induced cracking.  

- Generally, a Grade 8 chain is considered by the industry to be appropriate for lifting applications in marine 
environments. However, the Grade 8 quality requirements do not include a maximum hardness / maximum 
tensile strength requirement or specifications for ductility. Materials with hardness higher than 350 HV10 should 
be considered susceptible to hydrogen embrittlement. 

- Testing of chain segments has shown break load significantly below the requirement. This is not considered to 
be a direct cause of the failure, as no indication of overloading of the chain is found. However, this is an 
indication of variation in the material properties of the chain. The low obtained break load is believed to be 
caused by the low ductility.  

- The high hardness, low ductility and low break load strength of the material indicate that the tempering process 
of the chain has not been successful. The deviation from the certificate values (both break load testing and 
manganese content), shows variation in the fabrication.  

The performed examination has included examination of the fractured portside chain, the corresponding starboard side 
chain, and an unused reference chain, in addition to the derrick heads. The examination has comprised visual 
examination, MPI (wet-fluorescent magnetic particle inspection), material characterization and mechanical testing of all 
three chains and derrick heads, in addition to fractographic examination of the fractured chain link.  
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1.2 Recommendations 
Generally, a Grade 8 chain is considered by the industry to be appropriate for lifting applications in marine 
environments. However, the Grade 8 quality requirements do not include a maximum hardness / maximum tensile 
requirement or requirements to ductility. Hence, additional requirements are included in several standards, especially for 
even higher strength steel chain, see discussion part.  

Materials with hardness higher than 350 HV10 should be considered susceptible to hydrogen embrittlement and it 
should be considered good practice to limit the use of these high strength materials in critical lifting / load bearing 
applications in marine atmosphere and submerged applications. Post manufacturing baking to remove hydrogen 
introduced through the manufacturing process should also be considered good practice /8,11/.  

Also, the Grade 8 quality requirements do not include requirements to ensure good ductility of the chain material, for 
instance yield to tensile strength ratio. The extremely high yield to tensile strength ratio is assumed to have large 
influence on the susceptibility of hydrogen-induced cracking and hence contribute to the failure. For a chain with a 
higher utilization, these properties could also have serious consequences in the form of premature fracture, as seen in 
the break load testing. Hence, measures should be taken to ensure increased ductility.  

To prevent equivalent failures in similar applications in the future, the following is recommended: 

- It is recommended to initiate actions with regard to qualification of the fabrication process, to ensure a 
consistent quality of lifting chain. The large variation in chain properties indicate variation in the fabrication. 

- It is also recommended to include test scope and acceptance criteria for mechanical properties for chain 
material, that are suitable to avoid failure mechanisms as describe above. This should cover both 
hardness/strength and ductility.  

A preventive measure could also be regular inspection of the chain. However, the effectiveness of this could be limited 
due to a rough and corroded surface where detection of cracks will be difficult and hence possible need for dismantling 
and cleaning. The short time in service for the examined chain also indicates rapid crack growth.  
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The chain is a 32 mm diameter grade 8 short link chain, and the received certificate is given in Appendix A. The 
certificate refers to the standards NS-EN ISO 818, Short link chain for lifting purposes – Safety – Part 2: Medium 
tolerance chain for chain slings - Grade 8 /1/ and ASTM A391, Standard Specification for Grade 80 Alloy Steel Chain 
/2/. The report has not assessed relevant requirements for the intended use.  

In the chain certificate (given in Appendix A) the Measured breaking force is stated to be 1480 kN, which is 4.7 times the 
stated working load limit of 31.5 tons (equivalent to 314 kN). The minimum required breaking load is 1290 kN. The chain 
is also connected to a steel wire rope, with working load limit 8.4 tons. This steel wire rope is considered to be a weaker 
component compared to the chain.  

The certificate is dated 2019-04-23. According to information from the client, the chains (both the starboard and the 
portside) has been in use from March 2020. i.e. approximately one year. The background for changing the chain at that 
time, and if the derrick heads were changed or refurbished at the same time is not known.  
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3 BASIS FOR WORK  
An overview of the received parts is given in Table 3-1. The part ID’s are given by the client.  

Table 3-1   Overview of received samples.  
Part ID Description 
Part BJC/1 Part of portside chain, connected to steel wire rope 
Part BJC/2 Unused section of chain 
Part BJC/3 Starboard chain 
Part BJC/4 Part of fractured link, portside chain 
Part BJC/5 Part of portside chain, towards trawl 
MPH/CM/PORT/3 Portside derrick head 
MPH/CM/SB/1 Starboard derrick head 

 

According to information from the client, the chain is bought in lengths of 8 meter and stored on a pallet in a store 
located around 2-300 meters from the sea. When a vessel asks for a replacement of the quick release gear, a length of 
chain is cut (10 - 13 links depending on the request) and then sent off to a contractor to prepare the quick release gear, 
by splicing the chain to the wire. The unused reference chain (Part BJC/2), has only been stored as described above.  

 

3.1 Objective and scope of work 
The main objective of the performed failure investigation has been to characterize the fracture and identify direct and 
underlying causes. 

 

The performed examination has comprised: 

- Review of relevant information 

- Visual examination of all received parts 

- NDT of all received chain links and derrick heads 

- Material characterisation of single links and derrick heads: 

o Metallographic examination 

o Chemical analyses 

o Hardness testing 

o Estimation of tensile strength 

o Tensile testing (not derrick heads) 

- Fractographic examination of fractured chain link 

- Metallographic examination of fracture chain link 

- Break load testing and visual examination of test samples 
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4 EXAMINATION AND CHARACTERISATION OF RECEIVED PARTS  
 

4.1 Overview of received samples  
Overview images showing the parts as received are given in Figure 4-1 to Figure 4-7. For all the chain samples, one of 
the ends were marked by DNV using a coloured plastic strip, to keep traceability of the two ends of each chain length. 
Different colours were used for the different samples.  

 

 

Figure 4-1    Sample BJC/1, part of portside chain, connected to steel wire rope. The upper image shows both 
chain and steel wire rope part, the lower image shows the chain at higher magnification.  
 

 

Figure 4-2    Sample BJC/2, unused (reference) section of chain.  

 

 

Figure 4-3    Sample BJC/3, starboard chain.  
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Figure 4-6    Sample MPH/CM/PORT/3 (PORT/3), portside derrick head.  
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Figure 4-7    Sample MPH/CM/SB/1 (SB/1), starboard derrick head.  
 

Typical appearance of chain surfaces prior to any cleaning is shown in Figure 4-8. Only a limited visual examination was 
performed prior to cleaning, as the large amount of corrosion products on the link surfaces was considered to obscure 
most relevant observations.  
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Figure 4-8    Typical appearance of chain surface prior to cleaning. Upper: BJC/3; Lower: BJC/5.  

 

Numbering of the single links (defined by DNV) are from the steel wire rope side, towards the trawl side, i.e. link 1 is 
connected to the steel wire rope while link 10 is connected to the shackle connected to the trawl system, see Figure 4-9. 
For the unused chain, the numbering is arbitrary.  
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Table 4-1   Overview of performed testing for the different parts.  
Part ID Description Details Testing performed* 
Part BJC/1 Part of portside chain, connected to 

steel wire rope 
Steel wire rope None 
Link 1-2-3 MPI (wet-fluorescent magnetic 

particle inspection) 
Visual examination 

Link 4 MPI 
Visual examination 
Tensile testing 

Link 5 MPI (wet-fluorescent magnetic 
particle inspection) 
Visual examination 
Material characterisation  

Part BJC/2 Unused section of chain** Link – 1 – marked blue MPI 
Visual examination 

Link 2-9 MPI  
Visual examination 
Material characterisation (one link) 
Tensile testing (one link) 

Part BJC/3 Starboard chain Link 1 – marked green MPI 
Visual examination 
Material characterisation  

Link 2-9 MPI 
Visual examination 

Link 10 MPI 
Visual examination 

Part BJC/4 Part of fractured link, portside chain Link 6 MPI 
Visual examination 
Material characterisation 
Fractographic examination 
Metallographic examination in 
initiation area 

Part BJC/5 Part of portside chain, towards trawl Link 7 – marked orange MPI 
Visual examination 

Link 8-9 MPI 
Visual examination 
 

Link 10 MPI 
Visual examination  
Material characterisation 

MPH/CM/PORT/3 Portside derrick head Marked yellow MPI 
Visual examination 
Material characterisation (cheek 
plate material) 

MPH/CM/SB/1 Starboard derrick head No marking MPI 
Visual examination 
Material characterisation (pin 
material) 

* Material characterisation includes metallographic examination, hardness testing, estimation of tensile strength and 
chemical analyses.  

** Note that for the unused chain, the numbering of links is arbitrary.  

A drawing showing the approximate position of the different samples taken for material characterisation of chain material 
is shown in Figure 4-10.  
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Part ID Description Link no. Observations 
5 - No crack-like indications from visual inspection  

- Uneven surface in connection to the weld 
- Some increased interlink wear is seen 
- See Figure 4-15 

Part BJC/2 Unused section 
of chain* 

1-9 
 

- No crack-like indications from visual inspection  
- Uneven surface in connection to the weld 
- Some asymmetric geometry 
- Marking: “3/19” and “H52-8”, see Figure 4-16. This corresponds to the information 

about marking given in the certificate (Appendix A).  
Part BJC/3 Starboard 

chain 
1 - No crack-like indications from visual inspection  

- Uneven surface in connection to the weld 
- No significant wear/deformation marks. 
- See Figure 4-17 

2 - Crack-like indication towards link 3 
- Uneven surface in connection to the weld 
- No significant wear/deformation marks. 
- See Figure 4-18 

3 - Crack-like indications in both ends of the link.  
- The larger crack extends approximately 270° around the chain link circumference.  
- Uneven surface in connection to the weld 
- No significant wear/deformation marks. 
- See Figure 4-19 

4 - Crack-like indications in both ends of the link, also one crack close to the weld.  
- The larger crack extends approximately 360° around the chain link circumference.  
- Uneven surface in connection to the weld 
- No significant wear/deformation marks. 
- See Figure 4-20 

5 - Crack-like indication towards link 4  
- The larger crack extends approximately 180° around the chain link circumference.  
- Uneven surface in connection to the weld 
- No significant wear/deformation marks. 
- See Figure 4-21 

6 - No crack-like indications from visual inspection 
- Uneven surface in connection to the weld 
- No significant wear/deformation marks, however an asymmetric geometry is seen.  
- See Figure 4-22 

7 - No crack-like indications from visual inspection 
- Uneven surface in connection to the weld 
- Wear marks towards link 8, mainly on one side, towards both shoulders  
- See Figure 4-23 

8 - No crack-like indications from visual inspection 
- Uneven surface in connection to the weld 
- Wear marks towards both sides, towards both shoulders  
- See Figure 4-24 

9 - No crack-like indications from visual inspection 
- Uneven surface in connection to the weld 
- Significant wear marks towards both ends.  Towards link 8, marks towards both 

shoulders, towards link 10, one main mark 
- See Figure 4-25 

10 - Visual crack-like indications in one end of the link and on one leg 
- Uneven surface in connection to the weld 
- Significant wear mark in one end of the link 
- Wear marks on side/shoulders 
- See Figure 4-26 

Part BJC/4 Part of 
fractured link, 
portside chain 

6 See Paragraph 5.1 for visual examination 

Part BJC/5 Part of portside 
chain, towards 
trawl 

7 - No crack-like indications from visual inspection 
- Uneven surface in connection to the weld 
- Wear mark in both ends of the link. Against link 8, there are wear marks towards 

both shoulders.  
- See Figure 4-27 

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  Page 16 
 

 
Figure 4-12    BJC/1 – Link 2 after cleaning. No crack-like indications.  

 
Figure 4-13    BJC/1 – Link 3 after cleaning. No crack-like indications.  
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Figure 4-16    BJC/2 –Marking on unused chain link.  

 

Figure 4-17    BJC/3 – Link 1 after cleaning. No crack-like indications.   
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Table 4-3   Dimension measurements for the different chain links.   
Part ID Description Link no. Inside length 

[mm] 
Outside length 

[mm] 
Diameter, 
crown 1    

[mm] 

Diameter 
crown 2   

[mm] 

Diameter, non-
weld side 

[mm] 
Part BJC/1 Part of 

portside chain, 
connected to 
steel wire rope 

1 95.0 158.3 31.9 / 33.1 31.6 / 33.0 32.9 
2 96.1 158.5 31.4 / 32.9 31.5 / 32.9 32.8 
3 95.7 158.4 31.4 / 32.7 31.6 / 32.8 32.9 
4 95.2 158.4 31.8 / 32.9 31.3 / 33.0 32.9 
5 96.9 158.4 31.0 / 33.1* 30.7 / 33.0* 32.8 

Part BJC/2 Unused 
section of 
chain** 

1 95.2 158.5 31.8 / 33.1* 32.1 / 33.0* 33.0 
2 95.4 158.3 31.8 / 33.2 31.6 / 33.3 33.1 
3 94.7 158.3 31.9 / 33.3 32.1 / 33.3 33.1 
4 96.1 159.0 31.3 / 33.3 31.7 / 33.3 33.0 
5 95.1 158.2 32.2 / 33.3 31.6 / 33.2 33.0 
6 95.5 158.5 32.0 / 33.1 31.8 / 32.1 33.0 
7 94.7 158.9 32.3 / 33.3 32.6 / 33.3 33.1 
8 96.5 159.3 31.6 / 33.0 31.9 / 33.0 32.8 
9 95.9 158.9 31.6 / 33.1* 31.7 / 33.2* 33.0 

Part BJC/3 Starboard 
chain 

1 95.1 158.9 31.6 / 33.1* 31.4 / 33.2* 32.9 
2 95.0 158.5 32.2 / 32.9 31.7 / 32.8 32.8 
3 95.8 158.5 31.4 / 33.1 31.6 / 33.0 33.0 
4 96.2 158.3 31.6 / 33.1 31.4 / 33.0 32.9 
5 95.6 158.0 31.2 / 33.0 31.2 / 33.0 32.8 
6 95.8 158.8 31.3 / 33.0 31.1 / 33.1 32.8 
7 96.3 158.3 30.8 / 33.0 30.9 / 33.1 32.7 
8 98.7 158.6 30.9 / 33.0 29.9 / 33.0 32.6 
9 103.8 158.4 28.4 / 33.6 27.0 / 33.2 32.5 

10 99.6 158.2 26.2 / 33.1* 30.5 / 33.0* 32.9 
Part BJC/4 Part of 

fractured link, 
portside chain 

6 - - 31.6 / 33.2 - - 

Part BJC/5 Part of 
portside chain, 
towards trawl 

7 96.6 158.2 31.3 / 33.0* 31.4 / 33.0* 32.8 
8 99.4 158.5 31.0 / 32.9 28.2 / 33.3 32.8 
9 101.8 158.0 27.4 / 33.2 28.7 / 32.9 33.0 

10 96.7 158.8 30.2 / 32.9* 27.9 / 33.1* 32.9 
Certificate 

Results -  - - 32.7 
Requirements -    32 ± 1.6 

Standards 
NS-EN ISO 818-2 /1/ -    32 ± 1.6 

ASTM A391M /2/ Max. 102.4  - - Min. 31.04 

* Link can rotate around neighbouring link, hence crown 1 and crown 2 is chosen arbitrarily.  

** Numbering or chain links chosen arbitrarily.  

- No significant variations in outside length between the different chain links, neither between used and unused 
or along the length of the chain samples. This indicates that there is no significant elongation.  
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Figure 4-37    Starboard derrick head. Wear on both pin (left image) and cheek plates (right image).  

 

Figure 4-38    Starboard derrick head. Comparison between wear marks and chain.  
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4.6 Non-destructive testing 
All the received chain links and the two derrick heads were examined using wet fluorescent MPI. Prior to testing, the 
used chain samples were cleaned overnight, using Valhall CleanCons, an industrial cleaner based on citric acid, 
phosphoric acid and inhibitors.  

The test reports are included in Appendix C. The findings are summarised in Table 4-4.  

Table 4-4   Observations from MPI.  
Part ID Description Link no.  
Part BJC/1 Part of portside chain, 

connected to steel wire 
rope 

1 Five linear indications 
2-5 No indications 

Part BJC/2 Unused section of 
chain* 

1-9 
No indications 

Part BJC/3 Starboard chain 1 No indications 
2 Three linear indications 
3 Two linear indications 
4 Five linear indications 
5 One linear indication 
6 One linear indication 
7 One linear indication 

8-9 No indications 
10 Two linear indications 

Part BJC/4 Part of fractured link, 
portside chain 6 No indications 

Part BJC/5 Part of portside chain, 
towards trawl 

7 No indications 
8** One small indication 

9-10 No indications 
MPH/CM/PORT/3 Portside derrick head - Three areas of indications 
MPH/CM/SB/1 Starboard derrick head - No indications 

* The thickness of the coating was measured to ca. 50 µm, hence the results are considered reliable, even for coated 
chain.  

** The report states link no. 2 from the end marked with orange strip. This corresponds to link number 8. 

 

The linear indications reported for the various chain links are crack like, and many of the indications correspond to the 
crack-like observations by visual examination.  

The indications reported for the portside derrick head is most likely folding of the material, related to deformation of the 
derrick head pin, and not cracks.  

 

4.7 Material characterisation of chain material 
Samples for material characterisation were cut from the following links:  

- Part BJC/1 – Link 5 (Short name: 1-5) 

- Part BJC/2 – Link 9 (Short name: 2-9) 

- Part BJC/3 Link 1 (Short name: 3-1) 

- Part BJC/5 – Link 10 (Short name: 5-10) 

- Part BJC/4 (Fractured link) 
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Cutting was performed as show in Figure 4-10.  

Material characterisation includes metallographic examination, hardness testing, estimation of tensile strength and 
chemical analyses. 

 

4.7.1 Metallographic examination 
Cross sections were cut from four links, in addition to the fractured link. The cut surface was prepared by standard 
metallographic methods and etched using 2% Nital (nitric acid in ethanol) to reveal the microstructure.  

All the examined cross sections had a quenched and tempered microstructure, as expected. This is also as specified 
both in NS-EN ISO 818-2 and ASTM A391 /1-2/. No significant differences are observed between the different links or 
between different areas of each cross section.  

A typical example of the microstructure is shown in Figure 4-39. Total documentation is given in Appendix B.  

The cross sections also show examples of corrosion pits on the chain surface, see Figure 4-40. 

 

Figure 4-39    Typical example of quenched and tempered microstructure of chain material, fractured link: 
Quenched and tempered microstructure ca 10 mm from outer surface. 
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according to NS-EN ISO 818-2 and ASTM A391 /1-2/ is the aluminium content of the sample from the fractured link. 
However, the deviation is within the uncertainty of measurement stated in the test report.  

The results correspond well to the results stated in the certificate, unless for manganese, where the analysed quantity is 
nearly six times higher compared to the value stated in the certificate. The relevant standards do not give any 
requirement for manganese content.  

 

4.8 Break load testing 
4.8.1 Test samples 
Two chain segments were tested:  

• Part BJC/3, starboard used chain, chain links 3 to 9 

• Part BJC/2, unused reference chain 

The links were marked by letters for internal ID during testing.  

 

4.8.2 Test machine 
The testing was performed at DNV GL’s “Technology Centre for Offshore Mooring and Lifting” in Bergen, Norway, 
utilizing the 28.5 MN capacity tensile testing machine. The tensile testing machine operates by the principle of one fixed 
cross-head (the “static end”) and one moving cross-head (the “active end”). The static end is connected to a hydraulic 
cylinder that can shift the test set-up with increments of 800 mm without unloading the test object (during testing the 
static end is fixated by pins). This is necessary if the test specimen elongates more than the total stroke length of the 
main cylinder. Illustration of the test bed is presented in Figure 4-43. 

The Certificate of Calibration is enclosed in Appendix E. 

 

 

Figure 4-43    Illustration of 28.5 MN capacity tensile tester's test bed. 
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4.8.3 Test procedure 
The chain segments were loaded at a loading rate of 15 mm/minute from the start. As the chain segment started 
yielding, the loading rate was gradually increased to maintain a constant load per time rate (kN/min).  

 

4.8.4 Test results 
The obtained breaking loads and location of failure is presented in Table 4-8. For both chain segments, the obtained 
break load is below the requirement for a Ø32 mm Grad 8 chain according to NS-EN ISO 818-2 and ASTM A391 /1-2/.  

Table 4-8   Obtained breaking loads and location of fracture.   
Test id.: Obtained breaking load Location of fracture 

Part BJC/3, starboard used chain 
(including several links with crack-like indications) 

223 kN Three fractures of link 4 

Part BJC/2, unused reference link 994 kN Crown of middle link 
Requirements according to relevant standards 
NS-EN ISO 818-2 /1/ 1290 kN - 
ASTM A391 /2/ 1288 kN - 
Certificate 

Result 1480 kN - 
Requirement 1290 kN - 

 

Tension vs. total elongation graphs are presented in Figure 4-44 to Figure 4-46.  

 

 

Figure 4-44    Part BJC/2, unused reference chain, tension versus total elongation.  
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4.8.5 Visual examination of break load test sample, unused reference sample  
Images showing the break load test sample from the unused reference sample, Part BJC/2, are given in Figure 4-47.  

The fracture has initiated from the inside of the crown of one of the mid chain links, and has a typical appearance for an 
overload fracture. No indication of pre-existing crack (i.e. areas of corrosion on the fracture surface) is seen.  

 

 

 

Figure 4-47    Break load testing of unused reference sample. The upper image shows the whole length after 
break load testing, the lower images show the fractured link. The letters on the chain links are for internal use 
only.  
 

4.8.6 Visual examination of break load test sample, used starboard chain 
Images showing the break load test sample from the used starboard chain, Part BJC/3, links 3 to 9 are given in Figure 
4-48. The fractured link is link 4, see Figure 4-20.  

The fractured link has a total of four cracks, three that have opened during testing, and one that is still closed. The 
fracture surface of the three opened cracks are shown in Figure 4-49. For all the three cracks that has opened during 
testing, an area of corrosion is seen, showing the cracks prior to testing. One of the fractures has grown all through the 
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thickness of the link in service, meaning that the chain link has worked more or less like a C-hook during the last time in 
service. No significant plastic deformation is seen for the fractured link. The fractures correspond to the crack-like 
indications seen prior to testing, see Figure 4-20.  

 

 

 

 

Figure 4-48    Break load testing of starboard chain. The upper image shows the whole length after break load 
testing, the lower images show the fractured link. The letters on the chain links are for internal use only. The 
strips used for marking are shifted to the end links after cutting, to ensure that the orientation is kept. The 
yellow strip on link 3 (link to the right) was loosened during testing, however, is included in the images.  
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Figure 4-49    Break load testing of starboard chain. All three fracture surfaces have areas of cracks present in 
the chain prior to testing, seen as rust-coloured area.  
 

4.9 Tensile testing of chain material 
Tensile test specimens (Ø 10 mm) were sectioned in the longitudinal direction of the leg opposite to the weld, from the 
link two links away from the fractured link (BJC/1 – Link 4) and from one link from the reference chain (BJC/2). Due to 
limited material, the sample from the reference link was shorter than a proportional sample, however had the same 
diameter as the sample from the chain with the fractured link. Additional elongation at a shorter gauge length (32 mm 
(denoted A) instead of 50 mm (denoted A5)) was also calculated for comparison.  

Testing was performed at room temperature and in accordance with NS-EN ISO 6892-1 /5/. The results from tensile 
testing are shown in Table 4-9. Stress-strain plots for the two tests are shown in Figure 4-50. Neither NS-EN ISO 818-2 
/1/ nor ASTM A391 /2/ gives relevant requirements, hence, requirements for Grade R6 mooring chain according to DNV-
OS-E302 /9/ are included for comparison. Grade R6 is the type of mooring chain with higher strength requirements.  
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Table 4-9   Results from tensile testing.  

Sample 
Sample 

diameter 
[mm] 

Original 
gauge 
length, 
L0 [mm] 

Yield 
strength, 

Rp0.2 
[MPa]* 

Tensile 
strength, 
Rm [MPa] 

Elongation  
L0 = 50 mm [%] 

Elongation  
 L0 = 32 mm [%] Contraction 

Fracture 
LU 

[mm] A5 [%] LU 
[mm] A [%] du 

[mm] Z [%] 

BJC/1 – 
link 4 
Portside 
chain 

9.92 50 1328* 1341 55.67 11.5 37.36 17 6.30 59 Cup and 
cone 

BJC/2 
Unused, 
ref. chain 

9.94 32 1403* 1406 NA NA 36.26 13.5 6.69 56 Cup and 
cone 

Minimum requirement for mooring chain according to DNV-OS-E302 /9/ 
Grade 
R6 - - Min. 900 Min. 

1100 - Min. 12 - - - 50 - 

* Yield strength is determined manually from stress/strain plot as shown below.  

 

  

Figure 4-50   Stress-strain plots from tensile testing. The red and green lines are used for determination of the 
0.2% yield strength.   
 

The test results show small difference between the yield strength and the tensile strength for both samples. The test 
results show higher tensile strength and yield strength of the reference chain, and correspondingly lower elongation 
(based on L0 = 32 mm) and contraction.  

The tensile strength values estimated based on hardness measurements are in the range of 1329-1344 MPa, which 
correspond very well to the tensile strength of the sample from the fractured chain (BJC/1 – Link 4), while the tensile 
strength of the reference chain is higher.  
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As no requirements are given in the relevant standards, requirement for the most high-strength grade of mooring chain 
according to DNV-OS-E302 /9/ are included for comparison. The yield and tensile strength results for both samples are 
considerably higher than the minimum requirements for anchor chain of grade R6. The A5 elongation of the sample from 
the fractured chain (BJC/1 – Link 4) is below the minimum requirement and based on the comparison of the elongation 
measured on a shorter length, it is assumed that the A5 elongation of the sample from the reference chain would be 
significantly below the requirement.  

 

4.10 Material testing of derrick head material 
Two samples were sectioned from the derrick heads: 

- MPH/CM/PORT/3 – Portside derrick head:  Sample from the cheek plate material 

- MPH/CM/SB/1 – Starboard derrick head: Sample from the pin material 

 

4.10.1 Chemical analyses 
Spectrometric analyses were performed by Degerfors Laboratorium AB on material from the derrick heads. The results 
are given in Table 4-7 together with relevant requirements. The report from Degerfors Laboratorium AB is enclosed in 
Appendix D. 

Table 4-10   Results from chemical analyses 

Sample 
Chemical composition [wt%] 

C Si Mn P S Cr Ni Mo Cu Al 
Cheek plate material 
(MPH/CM/PORT/3) 0.15 0.03 1.09 0.010 0.015 0.03 0.02 <0.01 0.017 0.004 

Pin material 
MPH/CM/SB/1 0.42 0.33 0.81 0.020 0.041 1.07 0.02 0.19 0.054 0.019 

 

The analyzed chemical composition of the two samples shows that both materials are carbon steel. The chemical 
composition of the cheek plate material (PORT/3) correspond to various structural steels. The chemical composition of 
the pin material could be a type of alloy steel.  

 

4.10.2 Metallographic examination 
Cross sections were cut from both samples. The cut surfaces were prepared by standard metallographic methods and 
etched using 2% Nital (nitric acid in ethanol) to reveal the microstructure. Images showing the microstructure of the two 
are given in Figure 4-51 and Figure 4-52 

The examined cross sections from the pin material had a quenched and tempered microstructure, while the cross 
section from the cheek plate material had a ferritic-pearlitic microstructure.  
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.  

Figure 4-51    Cross section, pin material of derrick head (MPH/CM/SB/1). Quenched and tempered 
microstructure.  

 
Figure 4-52    Cross section, cheek plate material of derrick head (MPH/CM/PORT/3). Ferrite-pearlite 
microstructure.  
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4.10.3 Hardness testing and estimation of tensile strength 
On the same cross sections as was used for metallographic examination, hardness surveys were performed.  

Hardness was measured using Vickers hardness method and 10 kg load, according to NS-EN ISO 6507-1 /3/. The 
average hardness results were converted to estimated tensile strength according to NS-EN ISO 18265, Table A.1 for 
the cheek plate material and Table B.2 for the pin material /4/. For the cheek plate material, the measurements were 
made approximately ¼ thickness from the surface, for the pin material, the measurements were made approximately 1 
cm from the outer surface. Results from hardness testing of the cross sections are shown in Table 4-5.  

Table 4-11   Results from hardness testing.  
Sample Measured hardness {HV10] 

MPH/CM/PORT/3 – Portside derrick 
head 

MPH/CM/SB/1 – Starboard derrick head 

 Cheek plate material Pin material 
Single values 118-117-115 274-269-270 
Average, surface 117 271 
Values converted from total average, according to NS-EN ISO 18265 /4/ 
Table in NS-EN ISO 18265 A.1 B.2 
Tensile strength [N/mm2] 376 816 

 

Both hardness results and estimated tensile strength values seem reasonable compared to the observed microstructure.  
 

4.10.4 Summary of characterization of derrick head materials 
The examination shows that the derrick heads consist of two different material types. Based on the use, it is reasonable 
that the pin is a higher strength material compared to the cheek plate. 

The cheek plates are most likely a low-alloy construction steel, while the pin is a quenched and tempered alloy steel.  
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Figure 5-9    Fracture A: Cracks in the chain link surface, below the crack initiation area.  
 

Figure 5-10 and Figure 5-11 shows the initiation area at low magnification. Some indication of possible beach marks are 
seen; however the fracture topography is mainly disturbed by corrosion. This is also shown in the close-up images 
showing representative features from the fracture topography, shown in Figure 5-13 to Figure 5-16.  

Figure 5-12 shows the clear change from the more even inner fracture surface, to the outer and rougher surface.  

In several of the close-up images, areas of intergranular cracking is observed.  
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Figure 5-12    Fracture A: Transition between mid part of fracture surface and outer part with rougher 
topography. Mainly corrosion is observed.  
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Figure 5-13    Fracture surface A, area A: Intergranular cracks in fracture surface, along breakover line in 
initiation area. Corrosion and intergranular cracking are observed. The blue eclipse in the upper image shows 
the position of the lower image.  
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Figure 5-14    Fracture A, area B: Crack topography at edge of initiation area. Dimples/corrosion is seen.  
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Figure 5-15    Fracture A, area C: Possible beach mark in fracture initiation area. The blue eclipse in the upper 
image shows the position of the lower image. 
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Figure 5-16    Fracture A, area D: Outer part of fracture surface. See Figure 5-5 for position in overview image. 
The blue eclipse in the upper image shows the position of the lower image. 
 

 

 

 

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  Page 64 
 

 

Figure 5-21    Fracture B: Fracture initiation area.  
 

 

Figure 5-22    Fracture B, area D: Main part of fracture surface, river pattern.  
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Figure 5-23    Fracture B, area C: Area with multiple cracks, to the left of the initiation area.   
 

 

Figure 5-24    Fracture B, area A: Right part of fracture initiation area. Corrosion and/or dimple fracture 
topography.  
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Figure 5-25    Fracture B, area B: Main part of fracture surface, close to initiation area. Corrosion and/or dimple 
fracture topography. 
 

 

Figure 5-26    Fracture B, area C: Area with multiple cracks, to the left of the initiation area. Corrosion and/or 
dimple fracture topography. 

 

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  Page 67 
 

D 

Figure 5-27    Fracture B, area D: Main part of fracture surface. Corrosion and/or dimple fracture topography. 

 

5.3 Metallographic examination 
One cross section was cut through each of the fractures, through the crack initiation area. For fracture surface A, it was 
made sure that the cross section was made through the cracks seen on the link surface, shown in Figure 5-9.  

Overview images showing the cross section through the initiation areas are given in Figure 5-28 and Figure 5-29. Two 
cracks parallel to the fracture surface, as well as one inhomogeneity perpendicular to the fracture surface is seen for 
fracture A. The inhomogeneity is found to be a longitudinal void in the material, see also Figure 5-32 , and is not 
believed to be related to the fracture.  

For fracture B, several cracks are seen. These are however angled relative to the length direction, as shown in Figure 
5-33.  

The cracks seen in the initiation areas are shown at higher magnification in Figure 5-30 to Figure 5-31 (fracture A) and 
in Figure 5-33 (fracture B). The observed cracks close to both initiation areas have a jagged intergranular appearance, 
that are not typical for fatigue crack growth. These cracks were not detected using MPI, due to small size.  

No changes in microstructure related to either of the fractures are seen, only a quenched and tempered microstructure, 
similar to the samples shown in Paragraph 4.7.1.  
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Figure 5-30    Fracture surface A: Crack close to fracture initiation area. The photos are rotated for more logical 
presentation 
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Figure 5-31    Fracture surface A: Smaller crack close to fracture initiation area. The photo is rotated for more 
logical presentation 

 

 

Figure 5-32    Fracture surface A: Longitudinal void close to fracture surface. The photo is rotated for more 
logical presentation 
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Figure 5-33    Fracture surface B: Large crack close to fracture initiation area.  
 

5.4 Summary of examination and characterisation of chain material of 
fracture link 

Samples for characterisation of chain material was cut from the fractured link as shown in Figure 5-4.  

As reported in Paragraph 4, the following is summarised for the fractured link:  

- NDT: No linear indications was seen on the fractured link, either visually or using wet-fluorescent MPI. 

- The microstructure in the cross section away from fractures in the fractured link, shows a quenched and 
tempered microstructure, similar to the other chain links and close to the fractures.  

- The measured hardness and estimated tensile strength in the fracture initiation area is somewhat lower 
compared to the values from the surface area of the cross sections on the other chain links. The hardness 
measured on the cross sections correspond well with the hardness of the other chain links (portside, starboard 
and reference chain).  

- The chemical composition of the fractured link is similar to the chemical composition of the other chain links. 
The amount of aluminium is just below the requirements according to NS-EN ISO 818-2 /1/, however this is 
within the reported uncertainty of measurements. The manganese content is above the certificate value.   
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6 DISCUSSION 
Based on the performed examination, the following is summarised 

- Visual examination of the fractured chain as received shows extensive corrosion. No evident coating is seen. 
The chain has been in use approximately one year. The main cause of the corrosion is the marine atmosphere 
and direct contact with sea water. The original coating has flaked off and not given an effective corrosion 
protection.  

- Corrosion is also seen on part of the crack surfaces of the fractured link from break load testing, indicating that 
the observed cracks are formed in service.  

- Examination of both the starboard chain and the fractured portside chain shows no or limited plastic 
deformation. Also related to the fractures, no or limited plastic deformation is observed.  

- Significant wear is observed in the chain interlink areas, indicating that there is movement between the links. 
The wear pattern is quite similar on both the starboard and the portside chain. Most wear is seen towards link 
10, i.e., the shackle connecting the chain to the trawl, due to more movement in this area.  

- The fractured link has been identified as the sixth link when counting from the steel wire rope end. According to 
the received images, the fractured link is positioned close to the pin of the derrick head, most likely 
experiencing some bending moment against the pin.  

- Crack-like indications in a significant number of links is found, up to five cracks in one link. Cracks are found 
both in links that have been bent over the derrick heads and links that are considered to have been loaded 
along the main length direction. Examination of samples from break load testing showed that, in addition to the 
fractured chain link, at least one chain link has a crack that have propagated through the link thickness.   

- Assessment of small cracks parallel to the main fracture shows intergranular crack propagation. Intergranular 
cracks are also seen in a few areas of the examined fracture surface A.  

- Characterisation of the chain link material shows a quenched and tempered microstructure and chemical 
composition close to or within the relevant requirements. The manganese content is significantly higher than 
stated in the certificate, approximately 6 times the certificate value.  

- Hardness measurement of four different chain links, in addition to the fractured link (also in fracture initiation 
area) shows average hardness values in the range of 419 to 438 HV10. Generally, the lower values are 
measured close to the surface, and the higher values are measured in the core/main part of the cross section. 

- Tensile testing shows high tensile strength, with relatively good correspondence to the hardness 
measurements. The sample from the reference sample (unused chain) has higher tensile and yield strength 
and lower elongation and contraction than the sample from the fractured chain. For both tensile samples, the 
yield strength and tensile strength are close, with yield to tensile strength ratio of 0.990 (chain with fracture) 
and 0.998 (reference chain).  

- Break load testing shows results significantly below MBL for both the used starboard chain length and for the 
unused reference chain length, without significant pre-existing cracks.  

- The material of the derrick head is found to be a quenched and tempered alloy steel in the pin and a low-alloy 
construction steel for the cheek plate material. This is considered not to have had significant influence on the 
failure.  
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6.1 Direct cause of fracture 
Based on the corrosion damage on the fracture surfaces, the fractures are believed to have started as cracks prior to 
the incident. This is also supported by a large number of cracks found in other chain links from both the starboard and 
the portside chain. When the cross section has been too small to withstand the loading, the final fracture has occurred, 
and the chain length has fractured. The loading has been a combination of tensile loading and bending from contact with 
the derrick heads.  

The topography observed in cracks close to the initiation area of fracture A in the fractured link, indicates 
environmentally influenced cracking. The crack path is ragged and typically intergranular, i.e., follows the prior austenite 
grain boundaries instead of propagating straight through the microstructure. This is not as expected from fatigue crack 
growth, however, is typical for environmentally induced crack growth /11/. Based on the environment, it is most likely 
that the environmental effect is due to hydrogen, i.e., hydrogen embrittlement. Hydrogen embrittlement can occur for a 
material that experience a combination of the three factors /11/:  

- Tensile loading 

- Presence of hydrogen 

- Susceptible material 

All the chain links will experience tensile loading, both along the length direction, and from bending over the pin of the 
derrick heads.  

Significant corrosion is observed both on the chain link surface and on the fracture surfaces. Hydrogen is normally 
formed during the corrosion process in a humid environment which is likely in this case. Other sources of hydrogen 
could be steel production, welding, electrolytic zinc plating or HDG (hot dip galvanizing) or cathodic protection, if 
relevant. Only hydrogen from steel production could be relevant in this case. No analyses of hydrogen content have 
been performed. Due to the time since the incident, a measured low hydrogen content could also be caused by 
hydrogen diffusion out of the material, hence would not be unambiguous. High strength (high tensile strength / high 
hardness) low alloy steel is considered susceptible to hydrogen embrittlement effects. The likelihood of cracking and 
fracture is difficult to quantify, but the likelihood is considered to increase with /11/:  

- Increased tensile strength / hardness 

- Reduced ductility  

- Increased hydrogen content 

- Increased tensile stresses  

Material testing confirms both high tensile strength and hardness and low ductility, seen as high yield strength relative to 
the tensile strength. Low elongation is also seen. The mechanical properties are further discussed and compared to 
relevant standards in paragraphs 6.3 and 6.4  

Due to the high strength/hardness and low ductility of the chain material and corrosion pits in the chain link surface that 
can act as local stress raisers, it is considered likely that the observed cracks in the chain material, are hydrogen-
induced cracks.  

These cracks can either grow by further brittle crack growth or be initiation points for fatigue crack growth. The 
topography of fracture A gives some indication of the latter mechanism, based on vague beach marks and ratchet marks 
/ break-over lines. Based on the corrosive environment, corrosion is also believed to assist in the crack growth.  

The high number of cracks in both used chains also indicate that the material is susceptible for crack growth.  
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6.2 Loading of chain  
DNV has not received any quantitative information about the expected loads of the examined chain, only a qualitative 
description of the use. According to information from the client, the chain supports the weight of the trawl, the catch as it 
is lifted up, shock loading with frequent relief of loading due to the bobbing movement of the gear along the seabed, full 
load of the vessel tonnage if the gear gets snagged on the seabed etc. The derrick heads are found to consist of a 
quenched and tempered alloy steel in the pin and a low-alloy construction steel for the cheek plate material, and is not 
considered to have significant effect on the damage of the chain.  

The examination of the pins in the derrick heads shows severe deformation/wear, caused by the contact with a chain 
with the relevant diameter. It is not known if the pin has been changed at the same time as the chain, or if the wear 
pattern can be from a previous chain. It is however considered likely that the significant deformation/wear can influence 
on the load distribution in the chain, i.e. that the load is distributed more into one leg instead of two of a chain link, or 
that the load on the steel wire rope side of the pin is lower than the load on the trawl side, due to the chain “hanging” on 
the pin. The fractured link is found to have been positioned at the pin, somewhat towards on the steel wire rope side. 
Link no. 4 on the starboard side, that fractured during the break load testing, and was found to have a pre-existing crack 
through the diameter, has been positioned on the steel wire rope side of the pin. Cracks are also found on links on the 
trawl side of the derrick pin.  

The geometry of the system also gives bending loading of the chain links that are supported over the pin, and not pure 
tensional loading or tension/tension loading (repeated variation in loading due to wave movement) as a lifting chain 
onboard a vessel will normally experience. This would decrease the capacity of the chain part bent over the pin. The 
fractured link has most likely been positioned in contact with the pin, hence bending moment on this link is expected.  

The break load testing shows the break load of the reference sample is low compared to the requirements, the result is 
994 kN, i.e., 77% of the MBL. The used chain has a significantly lower break load, 223 kN compared to the required 
1290 kN according to ISO 818-2 and ASTM A391 /1-2/. This shows that during use, even the starboard chain with a 
crack through the diameter has sufficient capacity to withstand normal loads, at least without additional bending 
moment. Based on this, it is not expected that the loading the chain will experience from normal use is high enough to 
overload a chain without cracks or other weaknesses.  

The chain is also connected to a steel wire rope, with working load limit 8.4 tons. This steel wire rope is considered to be 
a weaker component compared to the chain. Assuming a safety factor of 5 would give a break load of the steel wire 
rope of 42 tons, i.e. 411 kN. This is around half of the break load of the unused chain, however higher compared to the 
used chain with multiple cracks, including one crack through the link thickness. Note that the capacity of the chain will be 
reduced by the bending over the pin of the derrick head.  

 

6.3 Assessment of hardness of chain material 
One of the important factors for environmentally induced cracking is high hardness /11/. The measured hardness of the 
material is in the range of 419 to 438 HV10, where the lower values are measured close to the surface, and the higher 
values are measured in the core/main part of the cross section. Based on NS-EN ISO 18265 /4/, this corresponds to 
Brinell hardness of 413 to 425 HB and estimated tensile strength of 1308 to 1344 MPa.  

According to test certificate from the manufacturer, forwarded by the client (given in Appendix F), the expected hardness 
is 375 HB, corresponding to 380 HV10, according to NS-EN ISO 18265 /4/. Brinell hardness cannot be compared 
directly to Vickers hardness, however an estimated converted value for Vickers hardness is found, using NS-EN ISO 
18265 /4/. The standards stated in the certificate does not give any requirements to hardness or tensile strength of the 
material, however, refers to mean stress at the breaking force (BF min) = 800 N/mm2. The estimated tensile strength is 
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significantly higher than this. This is as expected as this calculation is based on a cross section of two times the cross 
section of one chain leg and does not take the geometry of the crown into account.  

Generally, a higher hardness corresponds to a higher break load, which is desired, however, a higher hardness also 
increase the probability of environmentally induced cracking. The recommended hardness is dependent on a number of 
factors, for instance loading and material.  

Other relevant standards and their requirements for hardness are given below: 

 

DNVGL-ST-E271: Offshore containers /6/:  

In a guidance notes regarding lifting chain, the following is stated:  

- For grade 8 chain, “components with hardness value 395 HV10 or lower will not normally require special 
consideration” 

- For grade 10 chains, a number of requirements are given for accepting the use, among them “Hardness value 
does not exceed 410 HBW or 435 HV10”. 

This means that the relevant chain would need special consideration for use in lifting of offshore containers, due to high 
hardness. It is considered that the environment is comparable, and the safety considerations should be similar, hence 
the standard is relevant for comparison.  

 

NORSOK R-002, Lifting equipment /7/:  

For equipment for general purpose lifting, normally onshore lifting and inboard lifting on an offshore facility, the general 
requirement for material grade is grade 8 according to European standards, i.e. NS-EN ISO 818 series, in this case, NS-
EN ISO 818-2 /1/.  

Other grades of similar or better quality are accepted, provided they satisfy requirements of a recognized standard 
applicable for lifting equipment and have documented Charpy-V impact testing. 

No specific hardness requirements are given, however, for high strength chain, Charpy V impact testing is required. 
Qualification of chain is described to include the assessment of material ductility, impact toughness, material hardness, 
risk of hydrogen brittleness and sensitivity to corrosive environment., which all are relevant factors for the examined 
chain.  

 

A general hardness requirement to avoid hydrogen embrittlement for materials used in oil and gas production systems 
according to ISO 21457 /8/, is a maximum of 350 HV10. Even though the type of components and area of use is far 
from the fractured chain link, possible failure mechanisms are similar, and hence the requirements should be considered 
relevant for the use of high-strength chain.  

 

6.4 Assessment of yield strength / ductility of chain material 
Tensile testing shows low ductility and extremely high yield to tensile strength ratio for the tested samples, being 0.99 
(chain with fracture) and 0.998 (reference chain). Low ductility is another factor that increased the susceptibility for 
environmentally induced cracking.  
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The standards stated in the certificate does not give any requirements related to ductility, yield to tensile strength ratio or 
similar.  

Other relevant standards and their requirements for yield to tensile strength ratio are given below. 

According to a guidance note in DNV-OS-E302 /9/, the typical (recommended) yield to tensile strength ratio for mooring 
chain is in the range of 0.85 to 0.95. The range of yield to tensile strength ratio, would give a recommended yield 
strength in the range of 1140-1274 MPa for the sample from the fractured chain (tensile strength of 1341 MPa) and in 
the range of 1195-1336 MPa for the reference sample (tensile strength of 1406 MPa).  

A requirement given in NS-EN ISO 13628-7 /10/, for carbon and low-alloy steel used in completion and workover riser 
system in the petroleum and natural gas industries, is maximum yield to tensile strength ratio of 0.92. 

The obtained yield to tensile strength is considerably higher than the examples of maximum requirements.  

 

6.5 Actual break load 
The actual break load of the unused reference chain is significantly lower compared to the requirements according to 
the certificate, the results presented in the certificate and the requirements given in standards that the certificate refers 
to /1,2/. It is not believed that the low break load is related to significant cracks in the chain links, as no visual indication 
of cracks were found by non-destructive testing prior to break load testing, and also, the position and appearance of the 
fracture from testing is typical for overload fractures. Visual examination of the fracture surfaces of the break load test 
sample shows no indication of pre-existing cracks, however smaller cracks not visible to the naked eye could be 
present.  

The required proof load of the chain is 804 kN, according to NS-EN ISO 818-2 /1/. The actual break load (994 kN) is 
higher than this and based on the curve from break load testing, the plastic deformation has just started at 804 kN and is 
considered to be minor.  

Low actual break load is not expected based on the high hardness of the material, as tensile strength and hardness are 
more or less proportional properties, hence properties as ductility, yield to tensile strength ratio, etc. are believed to 
explain the low break load, not a low tensile strength.  

It is considered likely that the fracture of the chain is not directly related to the low ductility, only through the higher 
susceptibility of hydrogen-induced cracking. For the current use and typical loads, it is not considered likely that the 
chain would have fractured in tensile overload, ref. the starboard chain where that have been in use with a through-
thickness crack. However, for a higher utilization of the chain, this could have serious consequences in the form of 
premature fracture, as seen in the break load testing.  

 

6.6 Assessment of properties of chain material 
The examination has shown deviations from the certificate and/or requirements according standards referred to in the 
certificate /1,2/:   

- Break load significantly below what is stated in the certificate and requirements according to the referred 
standards /1,2/  

- Manganese content significantly above what is stated in the certificate  

In addition, observations that can give increased risk of environmentally induced cracking are identified: 

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  Page 78 
 

- High yield to tensile strength and low elongation (compared to requirements given for high strength mooring 
chain /9/) 

- High hardness. The hardness is high compared to the typical value stated by the manufacturer (ref. Appendix 
F) 

For the latter findings, there are no requirements according to the standards referred to in the certificate.  

For the mechanical properties, all the observations correspond to each other, and are related to the heat treatment of 
the chain. The material has been through a quench and temper heating process. The high hardness and low ductility 
properties indicate that the tempering part of the quench and temper heating process has not been successful. This is 
also supported by the somewhat lower hardness close to the surface compared to the higher values in the core/main 
part of the cross section, i.e. better tempering on the outside.  

The visual appearance of the microstructure is as expected, a quenched and tempered microstructure, however large 
differences in mechanical properties can be found without a clear difference in the visual appearance of the 
microstructure. 

The manganese content could influence on the response of the chain material from the heat treatment. Generally, 
manganese increases hardenability and increases tempered hardness /13/. Manganese can also contribute to 
tempering embrittlement that reduce impact toughness /12/.  

The actual breaking load measured, is significantly lower than the test results stated in the certificate, and the 
manganese content is significantly higher compared to the certificate. The measured hardness is also higher than the 
typical value stated by the manufacturer (ref. test certificate from the manufacturer, forwarded by the client, given in 
Appendix F). This indicates that there are higher variations in the properties of the chain, than is identified by the quality 
control of the manufacturer. 
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7 RECOMMENDATIONS 
Generally, a Grade 8 chain is considered by the industry to be appropriate for lifting applications in marine 
environments. However, the Grade 8 quality requirements do not include a maximum hardness / maximum tensile 
requirement or requirements to ductility. Hence, additional requirements are included in several standards, especially for 
even higher strength steel, see discussion above.  

Materials with hardness higher than 350 HV10 should be considered susceptible to hydrogen embrittlement and it 
should be considered good practice to limit the use of these high strength materials in critical lifting / load bearing 
applications in marine atmosphere and submerged applications. Post manufacturing baking to remove hydrogen 
introduced through the manufacturing process should also be considered good practice /8,11/.  

Also, the Grade 8 quality requirements do not include requirements to ensure good ductility of the chain material, for 
instance yield to tensile strength ratio. The extremely high yield to tensile strength ratio of the chain is assumed to have 
large influence on the susceptibility of hydrogen-induced cracking and hence contribute to the failure. For a chain with a 
higher utilization, these properties could also have serious consequences in the form of premature fracture, as seen in 
the break load testing. Hence, measures should be taken to ensure increased ductility.  

To prevent equivalent failures in similar applications in the future, the following preventive measures are recommended: 

- It is recommended to initiate actions with regard to qualification of the fabrication process, to ensure a 
consistent quality of lifting chain. The large variation in chain properties indicate variation in the fabrication. 

- It is also recommended to include test scope and acceptance criteria for mechanical properties for chain 
material, that are suitable to avoid failure mechanisms as describe above. This should cover both 
hardness/strength and ductility. 

A preventive measure could also be regular inspection of the chain. However, the effectiveness of this could be limited 
due to a rough and corroded surface where detection of cracks will be difficult. It should also be considered if inspection 
is cost-effective, if the chain needs to be dismantled and properly cleaned to do a proper inspection. The short time in 
service for the examined chain also indicate rapid crack growth.  
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APPENDIX A 
Chain certificate 
 
  

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  B-1 
 

APPENDIX B 
Photo documentation 
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Figure B-8-1    Cross section, link BJC/1-5: Quenched and tempered microstructure close to outer surface. 

 
Figure B-8-2    Cross section, link BJC/1-5: Quenched and tempered microstructure ca 10 mm from outer 
surface. 
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Figure B-8-3    Cross section, link BJC/2-9: Quenched and tempered microstructure close to outer surface. 

 

Figure B-8-4    Cross section, link BJC/2-9: Quenched and tempered microstructure ca 10 mm from outer 
surface. 
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Figure B-8-5    Cross section, link BJC/3-1: Quenched and tempered microstructure close to outer surface. 

 

Figure B-8-6    Cross section, link BJC/3-1: Quenched and tempered microstructure ca 10 mm from outer 
surface. 
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Figure B-8-7    Cross section, link BJC/5-10: Quenched and tempered microstructure close to outer surface. 

 

Figure B-8-8    Cross section, link BJC/5-10: Quenched and tempered microstructure ca 10 mm from outer 
surface. 
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Figure B-8-9    Cross section, fractured link: Quenched and tempered microstructure close to outer surface. 

 

Figure B-8-10    Cross section, fractured link: Quenched and tempered microstructure ca 10 mm from outer 
surface. 
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Reports from chemical analyses 
 

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  E-1 
 

APPENDIX E 
Certificate of calibration, 28.5 MN tensile tester 
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Test certificate, hardness 
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1 EXECUTIVE SUMMARY 
DNV AS, Materials Bergen (DNV) has been requested by Marine Accident Investigation Branch (MAIB) to perform 
testing of a chain sample. The testing is part of a failure investigation of a similar chain link, performed by DNV AS in 
2021 and presented in DNV Report 2021-5360 /1/. 

 

1.1 Conclusions 
Based on the performed examination and testing, the following is concluded:  

- Marking on chain and chemical composition substantiate that the tested chain, MJA/4, comes from the same 
batch as previously tested chain samples, and corresponds to the received certificate. 

- Break load testing confirms actual break load below certificate values and standard requirements. 

- Variation in hardness, tensile and yield strength between different tested samples, and difference in actual 
break load and hardness when compared to certificate values, indicate higher variations in the properties of the 
chain compared to what is identified by the quality control of the manufacturer. The causes of the varying 
mechanical properties are most likely related to heat treatment.  

- No unambiguous causes of the actual break load significantly below the certificate value and requirements 
have been identified. The reasons could be related to surface effects in the crown area, material properties 
(high hardness, partly high yield to tensile strength ratio), residual stresses, variations within the lot, etc. All 
these possibly contributing causes, are heavily dependent on the heat treatment process.  
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2 INTRODUCTION 
DNV AS, Materials Bergen (DNV) has been requested by Marine Accident Investigation Branch (MAIB) to perform 
testing of a chain sample.  

The background for the testing is a failure investigation of a similar chain, that was used as part of a quick release 
system onboard the trawler Cornishman. One of the chain links on the port side of the vessel fractured, causing the 
trawl fishing gear to fall down. The incident caused one fatality. The examination and testing of this chain and other 
relevant chain samples, both used and unused, are described in DNV Report 2021-5360 /1/. An overview of the different 
examined and tested chain samples and their history is given inTable 2-1.  

 

Table 2-1    Overview of chain samples, and their history.  

Sample ID Description History of chain segment 

Part MJA/4 Unused section of chain Unused, stored indoor in dry conditions  

Part BJC/1 Part of portside chain, connected to steel 
wire rope 

Used onboard trawler from March 2020 until 
February 2021 

Part BJC/2 Unused section of chain Unused, stored on a pallet in a store located around 
2-300 meters from the sea 

Part BJC/3 Starboard chain Used onboard trawler from March 2020 until 
February 2021 

Part BJC/4 Part of fractured link, portside chain Used onboard trawler from March 2020 until 
February 2021 

Part BJC/5 Part of portside chain, towards trawl Used onboard trawler from March 2020 until 
February 2021 

 

All chain samples are 32 mm diameter grade 8 short link chain, and the received certificate assumed to cover all 
samples is given in Appendix A. A test certificate giving the hardness of the chain is included in Appendix B. The 
certificate refers to the standards NS-EN ISO 818, Short link chain for lifting purposes – Safety – Part 2: Medium 
tolerance chain for chain slings - Grade 8 /2/ and ASTM A391, Standard Specification for Grade 80 Alloy Steel Chain 
/3/.  
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The chain is a 32 mm diameter grade 8 short link chain, and the received certificate is given in Appendix A. The 
certificate refers to the standards NS-EN ISO 818, Short link chain for lifting purposes – Safety – Part 2: Medium 
tolerance chain for chain slings - Grade 8 /1/ and ASTM A391, Standard Specification for Grade 80 Alloy Steel Chain 
/2/. The report has not assessed relevant requirements for the intended use.  

In the chain certificate (given in Appendix A) the Measured breaking force is stated to be 1480 kN, which is 4.7 times the 
stated working load limit of 31.5 tons (equivalent to 314 kN). The minimum required breaking load is 1290 kN. The chain 
is also connected to a steel wire rope, with working load limit 8.4 tons. This steel wire rope is considered to be a weaker 
component compared to the chain.  

The certificate is dated 2019-04-23. According to information from the client, the chains (both the starboard and the 
portside) has been in use from March 2020. i.e. approximately one year. The background for changing the chain at that 
time, and if the derrick heads were changed or refurbished at the same time is not known.  

 

  

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  Page 5 
 

3 BASIS FOR WORK  
An overview of the received parts is given in Table 3-1. The part ID’s are given by the client.  

Table 3-1   Overview of received samples.  
Part ID Description 
Part BJC/1 Part of portside chain, connected to steel wire rope 
Part BJC/2 Unused section of chain 
Part BJC/3 Starboard chain 
Part BJC/4 Part of fractured link, portside chain 
Part BJC/5 Part of portside chain, towards trawl 
MPH/CM/PORT/3 Portside derrick head 
MPH/CM/SB/1 Starboard derrick head 

 

According to information from the client, the chain is bought in lengths of 8 meter and stored on a pallet in a store 
located around 2-300 meters from the sea. When a vessel asks for a replacement of the quick release gear, a length of 
chain is cut (10 - 13 links depending on the request) and then sent off to a contractor to prepare the quick release gear, 
by splicing the chain to the wire. The unused reference chain (Part BJC/2), has only been stored as described above.  

 

3.1 Objective and scope of work 
The main objective of the performed failure investigation has been to characterize the fracture and identify direct and 
underlying causes. 

 

The performed examination has comprised: 

- Review of relevant information 

- Visual examination of all received parts 

- NDT of all received chain links and derrick heads 

- Material characterisation of single links and derrick heads: 

o Metallographic examination 

o Chemical analyses 

o Hardness testing 

o Estimation of tensile strength 

o Tensile testing (not derrick heads) 

- Fractographic examination of fractured chain link 

- Metallographic examination of fracture chain link 

- Break load testing and visual examination of test samples 

  

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 
 

DNV  –  Report No. 2021-5360, Rev. 0  –  www.dnv.com  Page 6 
 

4 EXAMINATION AND CHARACTERISATION OF RECEIVED PARTS  
 

4.1 Overview of received samples  
Overview images showing the parts as received are given in Figure 4-1 to Figure 4-7. For all the chain samples, one of 
the ends were marked by DNV using a coloured plastic strip, to keep traceability of the two ends of each chain length. 
Different colours were used for the different samples.  

 

 

Figure 4-1    Sample BJC/1, part of portside chain, connected to steel wire rope. The upper image shows both 
chain and steel wire rope part, the lower image shows the chain at higher magnification.  
 

 

Figure 4-2    Sample BJC/2, unused (reference) section of chain.  

 

 

Figure 4-3    Sample BJC/3, starboard chain.  
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3.5 Dimensional measurements 
For all the chain links, measurements of the chain link diameter in the two crowns and on the straight leg without weld 
was measured, as well as the inside and outside length. The two crown diameters are denoted 1 closer to link 1 and 2 
closer to link 8. For link 1 and 8 the crowns are denoted 1 and 2 arbitrarily, as the links are free to turn around. For 
crown diameter, the first diameter is measured in the length direction of the chain, the second diameter is measured 
perpendicular to the plane of the chain link, i.e. the first measurement will show the interlink wear. 

The results are given in Table 3-1 together with relevant requirements, certificate values and results from previous 
testing. The inner length, outer length, diameter on non-weld leg and the minimum crown diameter are plotted in Figure 
3-7 to Figure 3-10.   

No significant dimensional difference between the currently examined chain links and the previously examined chain 
links is seen, except for the measurements in the crown indicating interlink wear on the used chain segments /1/.  
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Table 3-1    Dimension measurements for the different chain links. 
Part ID Description Link no. Inside length 

[mm] 
Outside length 

[mm] 
Diameter, 
crown 1    

[mm] 

Diameter 
crown 2   

[mm] 

Diameter, non-
weld side 

[mm] 
Part 
MJA/4 

Reference 
2023 

1 95.7 158.6 31.9/33.3* 31.9/33.1* 33.1 
2 95.3 158.7 31.4/33.5 31.7/33.2 33.05 
3 95.1 158.8 31.7/33.0 31.9/33.0 32.95 
4 95.3 158.9 31.8/33.0 31.5/33.0 32.9 
5 94.5 158.4 31.9/33.0 31.9/33.0 33.0 
6 95.2 158.5 31.7/33.1 31.6/33.1 32.9 
7 95.6 159.2 31.6/33.1 31.2/33.1 32.9 
8 95.0 158.8 31.5/33.2* 31.5/33.2* 32.9 

Certificate 
Results -  - - 32.7 

Requirements -    32 ± 1.6 
Standards 
NS-EN ISO 818-2 /2/ -    32 ± 1.6 
ASTM A391M /3/ Max. 102.4  - - Min. 31.04 
Results from previous testing /1/ 
Part BJC/1 Part of 

portside chain, 
connected to 
steel wire rope 

1 95.0 158.3 31.9 / 33.1* 31.6 / 33.0* 32.9 
2 96.1 158.5 31.4 / 32.9 31.5 / 32.9 32.8 
3 95.7 158.4 31.4 / 32.7 31.6 / 32.8 32.9 
4 95.2 158.4 31.8 / 32.9 31.3 / 33.0 32.9 
5 96.9 158.4 31.0 / 33.1* 30.7 / 33.0* 32.8 

Part BJC/2 Unused 
section of 
chain** 

1 95.2 158.5 31.8 / 33.1* 32.1 / 33.0* 33.0 
2 95.4 158.3 31.8 / 33.2 31.6 / 33.3 33.1 
3 94.7 158.3 31.9 / 33.3 32.1 / 33.3 33.1 
4 96.1 159.0 31.3 / 33.3 31.7 / 33.3 33.0 
5 95.1 158.2 32.2 / 33.3 31.6 / 33.2 33.0 
6 95.5 158.5 32.0 / 33.1 31.8 / 32.1 33.0 
7 94.7 158.9 32.3 / 33.3 32.6 / 33.3 33.1 
8 96.5 159.3 31.6 / 33.0 31.9 / 33.0 32.8 
9 95.9 158.9 31.6 / 33.1* 31.7 / 33.2* 33.0 

Part BJC/3 Starboard 
chain 

1 95.1 158.9 31.6 / 33.1* 31.4 / 33.2* 32.9 
2 95.0 158.5 32.2 / 32.9 31.7 / 32.8 32.8 
3 95.8 158.5 31.4 / 33.1 31.6 / 33.0 33.0 
4 96.2 158.3 31.6 / 33.1 31.4 / 33.0 32.9 
5 95.6 158.0 31.2 / 33.0 31.2 / 33.0 32.8 
6 95.8 158.8 31.3 / 33.0 31.1 / 33.1 32.8 
7 96.3 158.3 30.8 / 33.0 30.9 / 33.1 32.7 
8 98.7 158.6 30.9 / 33.0 29.9 / 33.0 32.6 
9 103.8 158.4 28.4 / 33.6 27.0 / 33.2 32.5 

10 99.6 158.2 26.2 / 33.1* 30.5 / 33.0* 32.9 
Part BJC/4 Part of 

fractured link, 
portside chain 

6 - - 31.6 / 33.2 - - 

Part BJC/5 Part of 
portside chain, 
towards trawl 

7 96.6 158.2 31.3 / 33.0* 31.4 / 33.0* 32.8 
8 99.4 158.5 31.0 / 32.9 28.2 / 33.3 32.8 
9 101.8 158.0 27.4 / 33.2 28.7 / 32.9 33.0 

10 96.7 158.8 30.2 / 32.9* 27.9 / 33.1* 32.9 

* Link can rotate around neighbouring link, hence crown 1 and crown 2 is chosen arbitrarily. 
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Figure 3-7    Measured inner length plotted versus link number for all examined chain segments.  
 

 
Figure 3-8    Measured outer length plotted versus link number for all examined chain segments.  
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Figure 3-9    Measured average leg diameter plotted versus link number for all examined chain segments.  
 
 

 
Figure 3-10    Measured minor crown diameter plotted versus link number for all examined chain segments.  
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3.6 Chemical analysis 
Spectrometric analysis was performed by Degerfors Laboratorium AB on material from link 8. The results are given in 
Table 3-2 together with relevant requirements. The chemical composition given in the chain certificate and the test 
results from testing of previous samples are included for comparison. The report from Degerfors Laboratorium AB is 
enclosed in Appendix D. Note that the manganese content given in the certificate is not correct, ref. documentation 
included in Appendix E, hence the correct content according to Appendix E is included in Table 3-2. The documentation 
shows several different analyses referring to the same heat number. All manganese content values are in the range of 
1,225 to 1,250 %, hence it is assumed that the value given in the certificate (in Appendix A) is a typo.    

The chemical composition of the analysed sample shows good correspondence to the certificate and the results from 
previous testing. All requirements according to NS-EN ISO 818-2 /2/ and ASTM A391 /3/ are met.  

Table 3-2    Results from chemical analyses. 

Sample 
Chemical composition [wt%] 

C Si Mn P S Cr Ni Mo Cu Al 
MJA/4, link 1 0.22 0.21 1.26 0.017 0.004 0.56 0.51 0.27 0.14 0.028 
Certificate 
H52-8 3/19 0.211 0.216 1,225-

1,250* 0.0154 0.0064 0.567 0.510 - - 0.0281 

Requirements according to relevant standards 
NS-EN ISO 
818-2 /2/ 

   

Max. 
0.025 

(cast) / 
0.030 

(Check) 

Max. 
0.025 

(cast) / 
0.030 

(Check) 

Min. 
0.40* Min. 0.40 Min. 

0.15*  Min. 
0.025 

ASTM A391 
/3/ 

Max. 
0.35   Max. 

0.025 
Max. 
0.025 

Min. 
0.40* Min. 0.40 Min. 

0.15*   

Results from previous testing /1/ 
1-5 0.23 0.23 1.25 0.015 0.005 0.58 0.50 0.25 0.14 0.026 
2-9 023 0.23 1.26 0.015 0.005 0.58 0.49 0.25 0.14 0.025 
3-1 0.23 0.23 1.26 0.015 0.005 0.58 0.49 0.25 0.14 0.025 
5-10 0.24 0.23 1.25 0.015 0.005 0.58 0.49 0.25 0.14 0.026 
Fractured link 0.23 0.23 1.25 0.015 0.004 0.58 0.49 0.25 0.14 0.024 
* Corrected according to documentation as included in Appendix E.  
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3.7 Tensile testing of chain material 
A tensile test specimen (Ø 10 mm) was sectioned in the longitudinal direction of the leg opposite to the weld, from link 
no. 1.  

Testing was performed at room temperature and in accordance with NS-EN ISO 6892-1 /4/. The results from tensile 
testing are shown in Table 3-3. A stress-strain plot for the test is shown in Figure 3-11. The results are given in Table 
3-3, and results from testing of previous samples are included for comparison. The chain certificate does not give results 
or requirements for tensile testing.  

Neither NS-EN ISO 818-2 /2/ nor ASTM A391 /3/ gives relevant requirements, hence, requirements for Grade R6 
mooring chain according to DNV-OS-E302 /5/ are included for comparison. Grade R6 is the type of mooring chain with 
higher strength requirements.  

Additional elongation at a shorter gauge length (32 mm (denoted A) instead of 50 mm (denoted A5)) was also calculated 
for easier comparison to previously tested sample BJC/2.  

The results from tensile testing show that both yield strength and tensile strength is lower compared to the previously 
performed testing. Elongation and contraction are similar to BJC/1 – link 4 from portside chain, however, the elongation 
(at L0=32 mm) is higher compared to BJC/2, unused reference chain. The yield-to tensile strength ratio is significantly 
lower compared to the two previous samples, 0.94 compared to 0.99 and 0.998, respectively.  

Tensile strength, yield strength and contraction meet requirements for a grad R6 mooring chain according to DNV-OS-
E302 /5/, however the elongation is below this requirement.  

Table 3-3    Results from tensile testing.  

Sample 
Sample 

diameter 
[mm] 

Original 
gauge 
length, 
L0 [mm] 

Yield 
strength, 

Rp0.2 
[MPa]* 

Tensile 
strength, 
Rm [MPa] 

Elongation  
L0 = 50 mm [%] 

Elongation  
 L0 = 32 mm [%] Contraction 

Fracture 
LU 

[mm] A5 [%] LU 
[mm] A [%] du 

[mm] Z [%] 

MJA/4, 
link 1 10.00 50 1190 1260 56.03 11.0 - 16.5 - 59  Cup and 

cone 
Results from previous testing /1/ 
BJC/1 – 
link 4 
Portside 
chain 

9.92 50 1328* 1341 55.67 11.5 37.36 17 6.30 59 Cup and 
cone 

BJC/2 
Unused, 
ref. chain 

9.94 32 1403* 1406 NA NA 36.26 13.5 6.69 56 Cup and 
cone 

Minimum requirement for mooring chain according to DNV-OS-E302 /5/ 
Grade 
R6 - - Min. 900 Min. 

1100 - Min. 12 - - - 50 - 

* Yield strength is determined manually from stress/strain plots as shown in previous report /1/.  
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Figure 3-11    Sample MJA/4, stress-strain plot from tensile testing.   
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3.8 Hardness testing 
On the same cross section as was used for metallographic examination, hardness surveys were performed. A drawing 
showing the position of the different measurements is shown in Figure 3-12. 

Hardness was measured using Vickers hardness method and 10 kg load, according to NS-EN ISO 6507-1 /6/. The 
average hardness results were converted to estimated tensile strength and Brinell hardness according to NS-EN ISO 
18265, Table B.2 /7/. Results from hardness testing of the cross sections are shown in Table 3-4, and results from 
testing of previous samples are included for comparison. Neither NS-EN ISO 818-2 nor ASTM A391 /2-3/ give any 
requirements to hardness or tensile strength of the material. NS-EN ISO 818-2 /2/ states that the break load is 
calculated based on a tensile strength of 800 N/mm2. However, these calculations do not take into account the real 
geometry of the chain, hence a significantly higher tensile strength is needed to obtain the required break load.  

The obtained hardness results are lower compared to the previously performed testing, total average value of 406 HV10 
compared to values in the range of 426-431 HV10 in previous testing. The same trend is seen through the survey, a 
higher hardness is measured in the core compared to the surface for all hardness surveys.  

According to a test certificate from the manufacturer, forwarded by the client (given in Appendix B), the expected 
hardness is 375 HB, corresponding to 380 HV10, according to NS-EN ISO 18265 /7/. Brinell hardness cannot be 
compared directly to Vickers hardness, however an estimated converted value for Vickers hardness is found, using NS-
EN ISO 18265 /7/. The obtained results are significantly above this value.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-12    Drawing showing the schematic position of the hardness measurements. Note that the drawing is 
not to scale. The distance between the measurements in each group is 1 mm. 
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Table 3-4    Results from hardness testing.  

 Measured hardness [HV10] 
Surface 1 

[HV10] 
½ radius 1 

[HV10] 
Mid        

[HV10] 
½ radius 2 

[HV10] 
Surface 2 

[HV10] 
MJA/4, link 1, 
Reference 2023 

392 
395 
392 

408-415-412 402-404-414 407-417-413 
410 
402 
404 

Test certificate from manufacturer 
H52-8 3/19 - - - - - 
Results from previous testing /1/ 
Link 1-5, Portside 
chain 

415 
421 
426 

435-437-438 522*-438-419 424-415-411 
420 
420 
417 

Link 2-9, Unused 
reference 

419 
418 
422 

443-443-431 423-420-394 443-448-449 
434 
432 
429 

Link 3-1, Starboard 
chain 

424 
422 
425 

410-419-413 448-420-459 451-452-449 
431 
426 
420 

Link 5-10, Portside 
chain 

424 
428 
438 

444-445-448 420-401-416 443-444-447 
409 
409 
420 

Fractured, Portside 
chain 

417 
425 
422 

436-434-434 420-417-417 429-437-433 
421 
428 
421 

 
 Average, 

surface 
[HV10] 

Average, core 
[HV10] 

Total average 
[HV10] 

Tensile 
strength 

[MPa] 

Brinell 
hardness 

[HB] 
Part MJA/4, link 1, 
Reference 2023 399 410 406 1269 401 

Test certificate from manufacturer 
H52-8 3/19 - - - - 373 
Results from previous testing /1/ 
Link 1-5, Portside 
chain 420 438 431 1344 425 

Link 2-9, Unused 
reference 426 433 430 1341 424 

Link 3-1, Starboard 
chain 425 436 431 1344 425 

Link 5-10, Portside 
chain 421 434 429 1338 423 

Fractured, Portside 
chain 422 429 426 1329 420 

* This value is most likely a typing error; the correct value should most likely be 422 HV10. It is not corrected in the 
reported results, average values or converted tensile strength and Brinell hardness.  
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3.9 Metallographic examination 
The cut cross section was prepared by standard metallographic methods and etched using 2% Nital (nitric acid in 
ethanol) to reveal the microstructure.  

The examined cross section had a quenched and tempered microstructure, as expected. This is also as specified both 
in NS-EN ISO 818-2 and ASTM A391 /2-3/. No significant differences are observed between different areas of the cross 
section. Also, no significant difference was observed between the examined link and the links from chain segments 
examined previously /1/.  

A typical example of the microstructure is shown in Figure 3-13. Figure 3-14 shows a representative microstructure from 
the fractured chain link from the previous examination.  

 

Figure 3-13    MJA/4, link 1. Representative quenched and tempered microstructure.  
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Figure 3-14    Sample BJC/4 (Fractured link). Representative quenched and tempered microstructure.   
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3.10 Break load testing 
 

3.10.1 Test machine 
The testing was performed at DNV GL’s “Technology Centre for Offshore Mooring and Lifting” in Bergen, Norway, 
utilizing the 3,200 kN tensile capacity (designated “Ormen Lange”) test machine. The tensile testing machine operate 
with one fixed crosshead and one moving crosshead. The static end is connected to a hydraulic cylinder that can shift 
the test set-up with increments without unloading the test object (during the testing the static end is fixated by pins). This 
is necessary if the test specimen elongates more than the total stroke of length of the active cylinder. A picture of the 
3,200 kN capacity machine is shown in Figure 3-15.  

The machine is operated with an integrated controller and data acquisition system and calibrated to Class 1 accuracy. 
The Certificate of Calibration is enclosed in Appendix F. 

 

Figure 3-15   3,200 kN tensile capacity (designated “Ormen Lange”) test machine. Note that the machine has 
been relocated after the image was taken.  

 

3.10.2 Test procedure 
The chain segments were loaded at a loading rate of 15 mm/minute from the start. As the chain segment started 
yielding, the loading rate was gradually increased to maintain a constant load per time rate (kN/min). 

 

3.10.3 Test results 
The obtained breaking load and location of failure is presented in Table 3-5, together with results from previous testing 
/1/. The obtained break load is below the requirement for a Ø32 mm Grad 8 chain according to NS-EN ISO 818-2 and 
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ASTM A391 /2-3/ and quite close to the obtained break load for Part BJC/2, unused reference chain tested previously 
/1/.  

 

Table 3-5    Obtained breaking loads and location of fracture.  
Test id.: Obtained breaking load Location of fracture 

Part MJA/4 - Ref 2023 (link 2-8) 1011 Crown of middle link 
Requirements according to relevant standards 
NS-EN ISO 818-2 /2/ 1290 kN - 
ASTM A391 /3/ 1288 kN - 
Certificate 
Result 1480 kN - 
Requirement 1290 kN - 
Results from previous testing /1/ 
Part BJC/3, starboard used chain 
(including several links with crack-like indications) 

223 kN Three fractures of link 4, all in cracks 
formed in service 

Part BJC/2, unused reference  994 kN Crown of middle link 

 

The tension vs. total elongation graph is presented in Figure 3-16 . 

Overview images showing the fractured chain after testing is shown in Figure 3-17. The fracture surfaces were cut off for 
further examination.  

Compared to the previous testing, the position of the fracture, the break load and the overview of the fracture appears 
similar to what was obtained for Part BJC/2, unused reference chain. Images showing this are presented in Figure 3-17 
and Figure 3-18.  
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Figure 3-16    Part MJA/4: Tension versus total elongation for break load testing. 
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Figure 3-17    Part MJA/4: Sample after break load testing.  
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Figure 3-18    Part BJC/2: Sample after break load testing. 
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3.11 Fractographic examination of sample from break load testing 
Overview images showing the two fracture surfaces from break load testing are presented in Figure 3-19. Parts of the 
fracture surfaces are deformed as the neighbouring chain link was pulled through the opening, seen as shiny areas in 
Figure 3-19. Fracture surface B was chosen for further examination due to less post-fracture deformation.  

 

 

Figure 3-19    Part MJA/4: Overview images showing the fracture surfaces from break load testing. The inner 
part of the crown (intrados) is shown downwards.   
 

Fracture surface B has two main areas, separated by a deformed area across the mid-height of the surface. Typical low 
magnification fracture topography of the two different areas is shown in Figure 3-20 and Figure 3-21. The inner part of 
the fracture surface has a rougher appearance compared to the outer part. Somewhat above (outside) of the deformed 
area, a stripe pattern is observed, as shown in Figure 3-22. 
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Figure 3-20    Part MJA/4: Typical appearance of the inner (lower) part of fracture surface B from break load 
testing.  

 

Figure 3-21    Part MJA/4: Typical appearance of the outer (upper) part of fracture surface B from break load 
testing.  
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Figure 3-22    Part MJA/4: Stripe pattern observed in the mid part of fracture surface B from break load testing.  
 

Fracture surface B was further examined using a scanning electron microscope, giving higher magnification and larger 
depth of field. An overview image showing the position of the close-up images are given in Figure 3-23.  

Figure 3-24 shows the stripe pattern observed at lower magnification, see Figure 3-22. The high magnification images 
shows that the stripes are not cracks, only unevenness in the fracture surface, most likely formed due to propagation of 
the crack front.  

Images from the outer (upper) part of the fracture surface are given in Figure 3-25 and Figure 3-26. Figure 3-25 shows a 
dimple topography typical for ductile overload in the mid of the upper area. Figure 3-26 shows a mixture of ductile and 
brittle area a bit to the side of the fracture surface.  

Images from the inner (lower) part of the fracture surface are given in Figure 3-27 to Figure 3-30. The fracture surface 
has a mainly brittle appearance, with a large portion of cleavage fracture, however areas of dimple topography is seen in 
between the more brittle areas.   

The fractographic examination shows that all examined areas have overload fracture, as expected from a break load 
test. The areas where dimple topography is seen, the material has behaved ductile when loaded, while the material 
where cleavage fracture topography and intergranular (i.e., fracture following the grain boundaries) fracture topography 
is seen, the material has fractured in a brittle manner.   
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Figure 3-23    Part MJA/4: Overview image showing the approximate position of SEM images.  
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Figure 3-24    Part MJA/4, area 1: Observed stripe pattern does not indicate cracks, however only unevenness in 
fracture surface.  
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Figure 3-25    Part MJA/4, area 2: Dimple topography typical for ductile overload, in the middle of the upper area.   

 

Figure 3-26    Part MJA/4, area 3: Mixture of dimple topography and cleavage fracture.    
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Figure 3-27    Part MJA/4, area 4: Mixture of intergranular cracking and cleavage fracture.    
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Figure 3-28    Part MJA/4, area 5: Mixture of dimple topography and cleavage fracture.    

 

Figure 3-29    Part MJA/4, area 6: Mixture of intergranular cracking (encircled area), cleavage fracture and 
dimple topography.    
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Figure 3-30    Part MJA/4, area 7: Mixture of intergranular cracking and cleavage fracture.    
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4 DISCUSSION 

4.1 Summary 
Based on the performed examination of chain sample MJA/4, the following is summarised: 

- No indications were reported from fluorescent MPI.  

- Visual examination of the chain samples has shown no apparent damage to the chain, and the measured 
dimensions meet requirements and correspond to previously tested chain samples /1/. 

- Tensile testing showed results somewhat lower compared to previously tested chain samples /1/, and with a 
lower yield-to-tensile strength ratio.  

- Hardness testing has shown hardness results somewhat higher than results reported from the manufacturer 
(Appendix B) and somewhat lower compared to previously tested chain samples /1/. Tensile strength 
converted from hardness measurements shows good correspondence with the actual tensile testing.  

- The chemical composition corresponds to the certificate and results from previously tested chain samples /1/. 
Regarding manganese content given in the certificate, this is assumed to be a typo, ref. Appendix E.  

- The actual break load shows good correspondence to previous testing /1/, however, is significantly lower 
compared to the value given in the certificate, and requirements given in the relevant standards /2-3/.  

- Fractographic examination of sample from break load testing shows brittle fracture topography in the inner part 
of the fracture surface, with areas of intergranular crack propagation.  

 

4.2 Traceability to certificate 
The marking of the two reference chains (MJA/4 and BJC/2) is the same and the same as is stated in the certificate. The 
chemical composition of the two reference chain samples and the other parts from the used chain all correspond to each 
other and to the certificate. The visual appearance and dimensions for all examined chain lengths are similar and meet 
given requirements.  

The mechanical properties on the other hand do not correspond to the certificate. The measured hardness is higher 
compared to the test certificate and the break load is 67-68% of the certificate value.  

Large variation in mechanical properties for material with similar chemical composition, is most likely due to variation in 
heat treatment. Large variation can be seen without a clear indication in the microstructure. No information regarding 
heat treatment is given in the certificate. NS-EN ISO 818-2 /2/ gives some minimum requirements to the heat treatment 
process, however, does not describe a specific procedure. If heat treatment is performed in batches, there can 
potentially be differences between different batches, or within a single batch (due to placement in furnace combined with 
temperature gradients, for instance). For a continuous heat treatment, there can potentially be differences between 
different parts of the chain due to both planned and unplanned start and stops.  

According to NS-EN ISO 818-2, the size of a lot is supposed to be 200 m, and according to ASTM A391 /3/, a lot can 
comprise 1000 m chain, however the number of test samples is higher for one lot according to ASTM A391 /3/. A lot is, 
according to the standards, a unit for which the number of mechanical tests is specified. The certificate describes 2 
strands of 50 m (assumed two lengths of 50 m); however, it is not clear if this is the whole lot or refers to the purchase of 
the described amount of chain.  
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4.3 Assessment of actual break load 
The actual break load of the tested chain (MJA/4) is significantly lower compared to the requirements according to the 
certificate, the results presented in the certificate and the requirements given in standards that the certificate refers to /2-
3/, however corresponds well to the reference chain (sample BJC/2) tested in 2021 /1/. Low actual break load of the 
chain is not expected based on the high hardness and tensile strength of the base material (tensile strength and 
hardness are more or less proportional properties), hence other factors are believed to explain the low break load, not a 
low tensile strength. 

It must be emphasised that, as discussed in the previous report /1/, the low actual break load is not considered a direct 
cause of the failure of the chain onboard the trawler Cornishman. For the current use and typical loads, it is not 
considered likely that the chain would have fractured in pure tensile overload, ref. the starboard chain that has been in 
use with a through-thickness crack. However, for a higher utilization of the chain, this could have serious negative 
effects in the form of premature fracture, as seen in the break load testing. 

The main differences between break load testing of the chain and standard tensile testing of the base material are the 
position of the fractured material and the loading mode. The break load test considers the full cross section including 
any surface effects while the tensile test is machined from material within the chain link. Hence, tensile test samples will 
not be influenced by surface effects. The fractured area of the tensile testing is close to the mid length of the leg without 
weld, and approximately in the middle part of the material (diameter of sample is 10 mm, compared to a 32 mm 
diameter of the length), while for both the break load tests, the chain fractured in the middle of the crown. Tensile test 
samples have a close to homogeneous tensile stress throughout the complete cross section, while for break load the 
fractured area will experience a decrease from maximum tensile stress on the outer part of the crown cross section. 

A short assessment of various factors that can have contributed to the low actual break load: 

- Pre-existing cracks: 

For both the samples with low actual break load, visual examination and fluorescent MPI was performed prior 
to testing, without any indications detected. However, the chain samples are coated, hence some obscuring of 
surface cracks can be possible, and also non-surface breaking cracks can be present. The fracture surfaces of 
the two break load samples were examined after testing; however, the relevant area is deformed from the 
neighboring link slipping through the cracked link, hence examination after testing cannot give any indication of 
possible pre-testing cracks. The break load test will be affected by surface defects, while tensile testing will not 
be affected by surface defects as these have been removed through machining. It is not believed that the low 
break load is related to significant cracks in the chain links, however, it cannot be concluded or excluded if 
small pre-existing cracks in the crown area can be a contributing cause for the low actual break load.  

- Geometry: 

For both the samples with low actual break load, dimension measurements were made prior to testing. The 
crown diameters in two perpendicular directions were determined and compared to other links, as shown in 
Paragraph 3.5. All diameter measurements are within the requirements stated in the certificate and according 
to the relevant standards /2-3/. There is no reason to believe that the geometry of the chain links is a direct or 
contributing cause for the low actual break load.  

- Related to ductility:  

Previous tensile tests have shown a very high yield strength to tensile strength ratio, 0.998 and 0.99 /1/. In the 
current test, a yield to tensile strength ratio of 0.94 was achieved, which is more as expected for the material. 
Some variation in elongation is also seen between the different samples. The low actual break load could be 
related to the high yield to tensile strength ratio; however it is then not clear why the current sample, with yield 
to tensile strength ratio of 0.94, have a similar actual break load as the previously tested reference chain, with 
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yield to tensile strength ratio of 0.998. It cannot be excluded that there are large local differences between the 
chain link that fractured in break load testing and the link used for tensile testing. 

- Residual stresses in chain link: 

During cutting of chain links for characterization of chain link material, it was noted compressive residual 
stresses, as the saw blade got caught in the chain link as soon as the link was cut through. The residual 
stresses are likely to be formed during production (forming), however has not been released during heat 
treatment. When compressive stresses are found on some part of the chain, it is likely to have tensile residual 
stresses in other parts of the chain. The residual stresses will, when not released prior to testing, influence 
break load, by adding to (positively or negatively) the stresses inflicted on the chain from the tensile test 
machine. For the tensile testing, less influence from the residual stresses is expected, due to the machined 
samples.  

- Hydrogen-related causes: 

Based on the finding of areas of intergranular cracking on the fracture surface from break load testing, 
hydrogen should be discussed as a possible contributing cause, as intergranular cracking is a typical 
observation in hydrogen-related crack growth. Hydrogen-related cracking is generally dependent on a 
combination of three different factors /9/: Presence of hydrogen, tensile stress and a susceptible material. 
Based on the high hardness of the material in all the examined chain samples, the material is considered 
susceptible to hydrogen embrittlement and/or hydrogen-assisted cracking, see also assessment of hardness of 
chain material in previous report /1/. Potential sources of hydrogen are limited to production, as no damage of 
the coating or corrosion has been seen visually, excluding potential external sources. The chain samples (both 
reference chain from 2021, BJC/2 and current sample MJA/4) are also stored in relatively dry conditions, hence 
not exposed to significant corrosion giving potential hydrogen formation. As the chain segment has not been in 
use, it has not been loaded after production (proof loading at manufacturer), apart from potential residual 
stress. During cutting of the chain links, compressive residual stresses were noted, as the saw blade got 
caught in the chain link, as soon as the link was cut through. Based on an assessment of all the three factors, it 
is not very likely that hydrogen is a contributing cause for the low actual break load. The areas of intergranular 
crack growth can also be a direct result of the high strength material.  

- Variation in properties within the lot: 

Testing has shown actual break load and hardness that does not correspond to the certificate values. 
Differences in tensile test results between different links are also seen. The mechanical properties of the chain 
are generally related to the heat treatment of the chain. The material has been through a quench and temper 
heating process, however no more details are received. The fact that there are large variations in mechanical 
properties, and that test results do not meet requirements (high hardness, varying ductility properties and low 
break load) indicate that the tempering part of the quench and temper heating process has not been 
successful. This is also supported by the somewhat lower hardness close to the surface compared to the 
higher values in the core/main part of the cross section, i.e., better tempering on the outside. The visual 
appearance of the microstructure is as expected, a quenched and tempered microstructure, however large 
differences in mechanical properties can be found without a clear difference in the visual appearance of the 
microstructure. This indicates that there are high variations in the properties of the chain, which has not been 
identified by the quality control of the manufacturer. No detailed information regarding heat treatment has been 
received and hence no assessment of possible direct causes related to this has been performed.  

Summarized, all the effects believed to be contributing to the observed low actual break load are considered to be 
related to production and not storage of the chain. The chain samples have not been in use; hence this is not 
considered relevant.    
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APPENDIX A 
Chain certificate 
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APPENDIX B 
Test certificate, hardness 
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APPENDIX C 
Report from NDT 
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APPENDIX D 
Report from chemical analysis 
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APPENDIX E 
Documentation of manganese content 
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APPENDIX F 
Certificate of calibration, 3,200 kN tensile test machine 
 

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 

  
 

 

 

DNV  –  Report No. 2023-5163, Rev. 0  –  www.dnv.com  F-2 
 

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 

  
 

 

 

DNV  –  Report No. 2023-5163, Rev. 0  –  www.dnv.com  F-3 
 

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 

  
 

 

 

DNV  –  Report No. 2023-5163, Rev. 0  –  www.dnv.com  F-4 
 

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 

  
 

 

 

DNV  –  Report No. 2023-5163, Rev. 0  –  www.dnv.com  F-5 
 

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 

  
 

 

 

DNV  –  Report No. 2023-5163, Rev. 0  –  www.dnv.com  F-7 
 

 

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 

  
 

 

 

 

 

  

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


 

  
 

 

 

 

 

About DNV 
DNV is the independent expert in risk management and assurance, operating in more than 100 countries. Through its 
broad experience and deep expertise DNV advances safety and sustainable performance, sets industry benchmarks, 
and inspires and invents solutions.  
 
Whether assessing a new ship design, optimizing the performance of a wind farm, analyzing sensor data from a gas 
pipeline or certifying a food company’s supply chain, DNV enables its customers and their stakeholders to make critical 
decisions with confidence.  
 
Driven by its purpose, to safeguard life, property, and the environment, DNV helps tackle the challenges and global 
transformations facing its customers and the world today and is a trusted voice for many of the world’s most successful 
and forward-thinking companies. 

Image courtesy of Det Norske Veritas

https://www.dnv.co.uk/


Annex D

MAIB Safety Bulletin SB1/2024 – Honeybourne III



Extracts from  
The United Kingdom 
Merchant Shipping 
(Accident Reporting and 
Investigation) Regulations 
2012 Regulation 5:
“The sole objective of a safety 
investigation into an accident 
under these Regulations 
shall be the prevention of 
future accidents through the 
ascertainment of its causes 
and circumstances. It shall 
not be the purpose of such 
an investigation to determine 
liability nor, except so far 
as is necessary to achieve 
its objective, to apportion 
blame.”

Regulation 16(1):
“The Chief Inspector 
may at any time make 
recommendations as to how 
future accidents may be 
prevented.”

NOTE
This bulletin is not written with 
litigation in mind and, pursuant to 
Regulation 14(14) of the Merchant 
Shipping (Accident Reporting 
and Investigation) Regulations 
2012, shall be inadmissible in 
any judicial proceedings whose 
purpose, or one of whose 
purposes is to attribute or 
apportion liability or blame.

© Crown copyright, 2024
See http://www.
nationalarchives.gov.uk/doc/
open-government-licence for 
details.

All bulletins can be found on 
our website: 
https://www.gov.uk/maib

For all enquiries:
Email: maib@dft.gov.uk
Tel: +44 (0)23 8039 5500

Press Enquiries: 

+44 (0)1932 440015

Out of hours:

+44 (0)20 7944 4292

Public Enquiries:  

+44 (0)300 330 3000

M A R I N E  A C C I D E N T  I N V E S T I G A T I O N  B R A N C H
SAFETY BULLETINSAFETY BULLETIN

SB1/2024 FEBRUARY 2024

Fatal injury to a deckhand following a chain failure

on the scallop dredger

Honeybourne III (PD905)

approximately 16 nautical miles south of Newhaven, England

on 6 October 2023

Honeybourne III



MAIB SAFETY BULLETIN 1/2024
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BACKGROUND

At about 2345 on 6 October 2023, the lifting arrangement for the dredging gear that was 
suspended from the raised port derrick on the UK registered scallop dredger Honeybourne III 
(PD905) fell to the deck without warning. The gear struck a deckhand working below, causing 
serious head injuries.

The crew of Honeybourne III alerted His Majesty’s (HM) Coastguard and administered first aid to 
the unconscious deckhand. HM Coastguard tasked a search and rescue helicopter and a Royal 
National Lifeboat Institution (RNLI) lifeboat to assist, but the deckhand was declared deceased 
by the attending helicopter paramedic.

INITIAL FINDINGS

The ongoing MAIB investigation has found that a section of chain in the port dredging gear 
quick-release assembly failed as the gear was being retrieved. A 32mm chain link, which was led 
over a static steel pin at the derrick head (Figure 1), parted (Figure 2) and allowed the towing 
block, monkey face block and associated gear to fall to the deck below.

The configuration of a chain led over a static pin as part of 
a quick-release gear is commonly used on board scallop 
dredgers and beam trawlers. Such arrangements are 
known to have failed previously and chain fractures have 
been identified during routine inspections of quick-release 
gear (Figure 3).

Figure 1: Honeybourne III derrick 
arrangement (starboard side shown)

Quick-release chain

Static pin

Towing block

Monkey face block

Starboard derrick

Dredge gear

Figure 2: Failed chain link on 
Honeybourne III
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In February 2021, the failure of a similar chain to that which failed on board Honeybourne III 
resulted in the death of a deckhand on board the beam trawler Cornishman (PZ512). As a result, 
the Maritime and Coastguard Agency (MCA) issued Safety Bulletin 201 in August 2021. The 
safety bulletin highlighted the need for action by owners, operators, skippers, crew and safety 
advisors to ensure that for vessels under their control they:

 ● Have an inspection regime sufficient to inspect all items of lifting equipment including 
those likely to be subject to high load, high wear and high impact;

 ● Have provided the competent person sufficient opportunity under appropriate 
conditions to be able to make an assessment for continued operation – which may 
require inspection techniques other than visual;

 ● Have determined the parameters within manufacturer’s recommendations for continued 
acceptance of items of lifting equipment;

 ● Have determined the frequency of inspection, and where the risk indicates possibility 
of premature failure, to increase the frequency of inspection in accordance with the 
Regulations2;

 ● Have a system to record all inspections and changes to lifting equipment.

Safety Bulletin 20 built on concerns raised in MCA Safety Bulletin 17, issued in October 20203, 
regarding the safety of lifting operations on fishing vessels. That safety bulletin noted that:

It is the owner’s responsibility to identify key areas of risk in respect of lifting operations 
in accordance with the Fishing Vessels (Health and Safety at Work Regulations 1997 (SI 
1997/2962)…

1 MCA Safety Bulletin 20: Safety concern over lifting equipment inspections on fishing vessels (https://www.gov.uk/government/
publications/safety-bulletin-20-safety-concern-over-lifting-equipment-inspections-on-fishing-vessels).
2 Merchant Shipping and Fishing Vessels (Lifting Equipment and Lifting Operations Regulations) 2006 (SI 2006/2184).
3 Safety Bulletin 17: Safety concern over lifting operations on fishing vessels (https://www.gov.uk/government/publications/
safety-bulletin-17-safety-concern-over-lifting-operations-on-fishing-vessels).

Figure 3: Identified chain defects in static pin arrangements
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…If a lifting operation cannot be undertaken safely then it shall not continue.

In May 2022, the MAIB issued an interim report on the investigation into the fatal accident 
on board Cornishman. The interim report highlighted that an arrangement containing a 
chain passing over a static pin makes it very difficult to calculate the tensile strength of the 
arrangement and makes it more susceptible to failure. The interim report further stated that:

It is therefore imperative in the short-term that these types of release mechanisms and 
derrick head pins are subject to regular inspection and replaced at the earliest sign 
of wear.

Alternative arrangements for the quick-release mechanisms at the derrick head that either do 
not include a chain passing over a static pin, or remove the risk of the gear falling in the event of 
a failure, have been fitted to vessels to mitigate the risk of gear falling from height in the event 
of a failure of the chain arrangement. The alternative configurations observed by the MAIB have 
included the use of wire and sheave arrangements (Figure 4), the replacement of the derrick 
head arrangement with a swinging arm mechanism (Figure 5), and the provision of warp tension 
monitoring and release systems. Options have also been suggested for a secondary means of 
retaining the gear, in addition to the chain, to prevent the gear from falling in the event of a chain 
failure while still allowing the release of the gear in an emergency (Figure 6).

SAFETY ISSUES

The initial stages of the investigation have identified that:

 ● The recent recorded accidents and failures of chain links leading over a static pin as part of 
a quick-release mechanism indicate the significant risk of such arrangements failing when 
loads are applied to the chains. These arrangements can induce complex loading forces in 
the chain links, leading to excessive wear on the chain links and significantly reducing the 
chain strength.

Figure 4: Quick-release 
arrangement with derrick head 
quick-release wire and sheave

Quick-release wire

Towing block

Figure 5: Quick-release 
arrangement with derrick head 

swinging arm

Release 
mechanism

Swinging arm

Towing block

Figure 6: Quick-release 
arrangement with 

secondary means of gear 
retention

Retention wire
Quick-release chain

Towing block

Quick-release 
wire soft eye
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 ● The location of the chain links at the derrick head and the fact that the deterioration of the 
chain links may not be easily visible mean that it can be difficult to inspect and identify 
issues with the quick-release arrangement.

 ● The potential failure of chains used in this manner presents an unacceptable level of risk to 
crew members working on the deck below.

RECOMMENDATIONS

The Maritime and Coastguard Agency is recommended to:

S2024/101 Conduct a focused inspection campaign on board UK scallop dredgers and beam  
  trawlers fitted with derrick head quick-release mechanisms that incorporate chain   
  to:

 ● raise awareness among skippers and crews of the significant hazards 
associated with the use of chain links passing over a static pin as part of the 
derrick head quick-release mechanism;

 ● confirm that the risk of a failure of the derrick head quick-release mechanism 
has been assessed, mitigated and documented by the owner, operator and/or 
skipper of the vessel; and

 ● verify that the crew has been informed of the findings of the risk assessment 
and the measures taken for their protection in the event of a failure of the 
derrick head quick-release mechanism.

All owners, operators and skippers of UK scallop dredgers and beam trawlers that use 
chain as part of the derrick head quick-release mechanism on board their vessels are 
recommended to:

S2024/102M Urgently ensure that a suitable and sufficient assessment of the risk of a failure of   
 the derrick quick-release mechanism chain has been undertaken and documented,  
 noting the safety issues identified in this safety bulletin, and that:

 ● mitigations are identified and immediately implemented to reduce the risk to 
the crew associated with a failure of the derrick quick-release mechanism to a 
level that is as low as reasonably practicable; and

 ● the crew are informed of the findings of the risk assessment and the measures 
taken for their protection.

Safety recommendations shall in no case create a presumption of blame or liability

Issued February 2024
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SAFETY FLYER TO THE FISHING INDUSTRY
Fatal accident to a deckhand on board the beam trawler Cornishman (PZ 512), 

44 nautical miles south-south-west of the Isles of Scilly, England  
on 6 February 2021  

Narrative

At about 0630 on 6 February 2021, the crew of the 
beam trawler Cornishman were repairing the port trawl 
gear between fishing operations when the suspended 
steel trawl beam suddenly fell to the deck, striking and 
trapping a deckhand who was working underneath. 
The deckhand was declared deceased 1.5 hours later 
by the attending helicopter paramedic.

The investigation established that a 32mm Grade 
8 chain link forming part of the port trawl gear’s 
quick-release mechanism supporting the port beam 
had fractured and allowed the beam to fall. The chain 
was operated over a 150mm diameter fixed steel pin  
(Figure 1) at the top of the derrick; both the chain and its links 
were found to be corroded, heavily worn, and cracked.

Safety lessons

1. Cornishman’s chain over fixed pin arrangement resulted in 
side loading and bending stress of individual chain links due 
to the low ratio between the diameters of the 150mm fixed pin 
and the 32mm chain link, known as the D/d ratio (Figure 2).

2. High alloy Grade 8 chains are not recommended for offshore 
use due to their susceptiblility to envrionmental cracking, 
resulting in loss of strength and risk of catastrophic failure 
while loaded.

3. Chains are primarily intended for straight line point-to-point loading. Where a change in direction 
is required a chain lifter, such as found on an anchor windlass, or a high D/d ratio arrangement 
is necessary.

4. The side loading of individual chain links on Cornishman resulted in out of plane stresses, 
which the chain was not designed to withstand. This caused heavy wear on the fixed pin and 
chain links as the links were operating under dynamic loads. Alternative quick-release designs 
are available and should be considered as a safety improvement to minimise the opportunity 
for sudden failure. A safety bulletin, issued by MAIB in February 2024, provides more details 
– https://www.gov.uk/maib-reports/safety-warning-issued-following-a-chain-failure-on-scallop-
dredger-honeybourne-iii-with-loss-of-1-life 

Cornishman

Figure 1: Quick-release chain 
over fixed steel pin

Image courtesy of Devon & Cornwall Police

https://www.gov.uk/maib-reports/safety-warning-issued-following-a-chain-failure-on-scallop-dredger-honeybourne-iii-with-loss-of-1-life
https://www.gov.uk/maib-reports/safety-warning-issued-following-a-chain-failure-on-scallop-dredger-honeybourne-iii-with-loss-of-1-life
https://www.devon-cornwall.police.uk/


Extract from The United Kingdom Merchant Shipping (Accident Reporting and Investigation) Regulations 2012 – Regulation 5:
“The sole objective of the investigation of an accident under the Merchant Shipping (Accident Reporting and Investigation) Regulations 2012 
shall be the prevention of future accidents through the ascertainment of its causes and circumstances. It shall not be the purpose of an such 
investigation to determine liability nor, except so far as is necessary to achieve its objective, to apportion blame.”

NOTE
This safety flyer is not written with litigation in mind and, pursuant to Regulation 14(14) of the Merchant Shipping (Accident Reporting and 
Investigation) Regulations 2012, shall be inadmissible in any judicial proceedings whose purpose, or one of whose purposes is to attribute 
or apportion liability or blame.
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You may re-use this document/publication (not including departmental or agency logos) free of charge in any format or medium. You must 
re-use it accurately and not in a misleading context. The material must be acknowledged as Crown copyright and you must give the title of 
the source publication. Where we have identified any third party copyright material you will need to obtain permission from the copyright 
holders concerned.

This flyer and the MAIB’s investigation report are posted on our website: www.gov.uk/maib

For all enquiries:
Marine Accident Investigation Branch
First Floor, Spring Place
105 Commercial Road
Southampton
SO15 1GH

Email: maib@dft.gov.uk
Tel: +44 (0)23 8039 5500

Publication date: June 2025

For illustrative purposes only: to scale

Figure 2: Representation of chain loading over fixed steel pin, showing links subjected to out of plane 
bending stress point loads

Point loading 150mm diameter of fixed steel pin Approximate 125mm diameter of fixed 
steel pin after wear and corrosion as found

Fracture

Worn fixed steel pin

Fixed steel pin

Chain link fracture

Chain link

Image courtesy of Det Norske Veritas
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