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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.

- Alarge 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.

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com Page 1


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

Image courtesy of Det Norske Veritas

DNV

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:

- ltis 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.

- ltis 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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2 INTRODUCTION

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 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 incident occurred while the trawling system was not in use, however the weight of the system was supported by the
quick release system.

2.1 Background

The principle of the quick release system is to release the trawl gear in an emergency, should the trawl gear cause the
fishing vessel to become unstable. To achieve this, the trawl warp (a single wire that is attached to the towing bridle) is
passed through a snatch block (or towing block), see an example of a similar system in Figure 2-1.

Derrick head

Figure 2-1 Examples of quick release system similar to the one that failed. Image supplied by the client.

The snatch block is suspended using a shackle on a chain that passes over a pin welded between cheek plates fitted to
the derrick head. This chain failed.

The loading caused by towing the trawl along the seabed and lifting the trawl clear of the water is transmitted fully
through the chain forming part of the quick release system. The Working Load Limit of the system is 8.4 tonnes.

The head of the derrick which supports the quick release chain has a limited degree of rotational freedom (ca. 60°)
around the derrick allowing the lead of the snatch block and chain to move towards the load.

Similar systems are found on both sides of the vessel, and parts from both systems have been received for testing.
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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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An overview of the received parts is given in Table 3-1. The part ID’s are given by the client.

DNV
3 BASIS FOR WORK

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:

@]

[¢]

Metallographic examination
Chemical analyses
Hardness testing

Estimation of tensile strength

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

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com
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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.

“ ]

T —— E RS r I-'Iur'_vp T g T AT | et < R
T nzru:_g_u_nuu ML AR 4b G W SN BT OSOoml Mk B M B
Bl i 4 5 s 1 oo W A

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 4-3 Sample BJC/3, starboard chain.
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Fracture
surface B

Fracture
surface A

Figure 4-4 Sample BJC/4, part of fractured link, portside chain. The letters A and B is used further for
identification of the two fracture surfaces.

Figure 4-5 Sample BJC/5, part of portside chain, towards trawl.
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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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Figure 4-9 Numbering of chain links.

4.2 Overview of performed testing

An overview of the testing performed on the different samples are shown in Table 4-1.
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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

IStarboard 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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Cut 2 Cut 1

Sample for chemical analysis

*

o

. Extrados

-

-
Sample for metallographic

e, examination and hardness
i, testing

a

Figure 4-10 Position of samples for testing. The two blue lines show the cutting positions. All testing
(hardness, metallographic examination and chemical analysis) is performed on cut surface 1. The areas
denoted extrados and intrados are shown in the drawing.

4.3 Visual examination of chain samples

When received, the used chain samples had significant corrosion, and no apparent coating/paint. To remove loose
corrosion products and possible remains of coating/paint, the chains were cleaned using Valhall CleanCons (diluted
according to supplier's recommendations), an inhibited acid-based cleaning agent, and cleaned using high-pressure
washer (water) afterwards. This was beneficial both for the visual examination, and a requirement in order to obtain
good performance of MPI.

A summary of the observations made on the different chain links is given in Table 4-2. The table also includes reference
to relevant images of the different chain links.

Table 4-2 Overview of observations on the different chain links.

Part ID Description Link no. |Observations

Part BJC/1 [Part of portside 1 - Crack-like indications in both ends of the link
chain, - The larger crack extends approximately 180° around the chain link circumference.
connected to L Uneven surface in connection to the weld

[steel wire rope L No significant wear/deformation marks

L See Figure 4-11

2 - No crack-like indications from visual inspection
- Uneven surface in connection to the weld

- No significant wear/deformation marks.

- See Figure 4-12

3 - No crack-like indications from visual inspection
L Uneven surface in connection to the weld

L No significant wear/deformation marks.

- See Figure 4-13

4 - No crack-like indications from visual inspection
L Uneven surface in connection to the weld

- Some increased interlink wear towards link 5 is seen
- See Figure 4-14
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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

- No crack-like indications from visual inspection
- Uneven surface in connection to the weld

- No significant wear/deformation marks.

- See Figure 4-17

- Crack-like indication towards link 3

- Uneven surface in connection to the weld
- No significant wear/deformation marks.

- See Figure 4-18

- 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

- 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

- 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

- 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

- 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

- 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

- 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

See Paragraph 5.1 for visual examination

Part BJC/5

Part of portside
chain, towards
trawl

- 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
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Part ID Description Link no. |Observations

8 - No crack-like indications from visual inspection

- Uneven surface in connection to the weld

- Significant wear mark in both ends of the link. Against link 9, there are wear marks
towards both shoulders.

- See Figure 4-28

9 - No crack-like indications from visual inspection

- Uneven surface in connection to the weld

- Significant wear mark in both ends of the link. Against link 8, there are wear arks
towards both shoulders.

- See Figure 4-29

10 - No crack-like indications from visual inspection

- Uneven surface in connection to the weld

- Significant and asymmetric wear mark in both end of the link

L Wear marks on side/shoulders

- See Figure 4-30

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

The most wear is seen towards the trawl end of the chains, probably due to more movement in these areas.

* & ' s PRSI PRt S Y
Figure 4-11 BJC/1 - Link 1 after cleaning. Cracks are seen in four areas, indicated by arrows.
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Figure 4-13 BJC/1 — Link 3 after cleaning. No crack-like indications.
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Figure 4-14 BJC/1 - Link 4 after cleaning. No crack-like indications. Some interlink wear seen, indicated by
arrows.

Figure 4-15 BJC/1 - Link 5 after cleaning. No crack-like indications. Some interlink wear, indicated by arrows.
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Figure 4-17 BJC/3 — Link 1 after cleaning. No crack-like indications.
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Figure 4-18 BJC/3 - Link 2 after cleaning. Possible crack-like indications, indicated by arrows.
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Figure 4-20 BJC/3 - Link 4 after cleaning. Crack-like indications are seen in both ends, as well as close to the
weld, as indicated by arrows.
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Figure 4-22 BJC/3 - Link 6 after cleaning. No crack-like indications, however some asymmetric geometry.
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Figure 4-23 BJC/3 - Link 7 after cleaning. No crack-like indications, however wear/deformation marks towards
link 8, indicated by arrows.

Figure 4-24 BJC/3 - Link 8 after cleaning. No crack-like indications, however significant wear/deformation in
both the interlink areas.

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com Page 22


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

Image courtesy of Det Norske Veritas

DNV

Figure 4-25 BJC/3 - Link 9 after cleaning. No crack-like indications, however significant wear/deformation of
the interlink areas.

- Eh e i d".a' b, MPyS
Figure 4-26 BJC/3 - Link 10 after cleaning. Crack-like indications are seen in one end of the link and on the leg
of the link, significant interlink wear/deformation, in the other end, and wear marks on the side of the link, close
to the crack. All are indicated by arrows.
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Figure 4-27 BJC/5 - Link 7 after cleaning. No crack-like indications, however significant wear/deformation of
the interlink areas.

Figure 4-28 BJC/5 - Link 8 after cleaning. Significant interlink wear/deformation, indicated by arrows. No
crack-like indications.
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Figure 4-29 BJC/5 - Link 9 after cleaning. Significant interlink wear/deformation, indicated by arrows. No
crack-like indications.

Figure 4-30 BJC/5 - Link 10 after cleaning. Significant asymmetric wear/deformation marks in the interlink
areas, indicated by arrows. No crack-like indications.

The orientation of sample BJC/3 and BJC/5 was not marked on the received chain lengths. Hence, the order and
orientation of the different chain segments relative to each other was determined based on the observed wear pattern,
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together with the known positions, and is shown in Figure 4-31. Included in Figure 4-31 are also the most significant
wear and cracks found by visual examination. A comparison of wear pattern of the corresponding links from portside
and starboard chain is shown in Figure 4-32.

Based on the comparison, the fractured link is number six, counted from the steel wire rope. According to the images
shown in Figure 4-9 this link is positioned at the derrick head, where the chain gets in contact with the pin, and towards
the steel wire rope side.

BJC/3 Starboard chain

3 LRI > . - : D) -

BJC/1 Part of ﬁbrtside ch;in, connected to steel wire rope BJC/5 Part of portside chain, towards trawl

Figure 4-31 Comparison of position of chain segments between the portside and the starboard chain. The
white lines indicate observed crack-like indications, while the green markings show wear.
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BJC/, link 1

Starboard
BJC/3, link 9

Starboard === Portside
BJC/3, link 10 A > BJC/5, link 10
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w15
nd portside

o 4 areicaecllmry sl oM L 3 e oy Lo - 1 17
Figure 4-32 Comparison of wear pattern on links in corresponding position, between starboard a
chain.

4.4 Dimensional measurements

For all the received 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 towards
the steel wire rope side and 2 towards the trawl side. The results are given in Table 4-3 and the inner length and the
minimum crown diameter are plotted in Figure 4-33 and Figure 4-34, respectively. For crown diameter, the first diameter
is measured in the length direction of the chain, the second diameter is measured perpendicular to the length direction,
i.e. the first measurement will show the interlink wear.
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Table 4-3 Dimension measurements for the different chain links.
Part ID Description Link no. Inside length  [Outside length Diameter, Diameter Diameter, non-
[mm] [mm] crown 1 crown 2 weld side
[mm] [mm] [mm]
Part BJC/1  [Part of ) 1 95.0 158.3 31.9/33.1 |31.6/33.0 32.9
portside chain,
connected to 2 96.1 158.5 31.4/329 31.5/32.9 32.8
teel wi
eeepe 3 95.7 158.4 31.4/32.7 |31.6/328 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 lsJ::tiSoer?of 1 95.2 158.5 31.8/33.1* [32.1/33.0*% 33.0
chain** 2 95.4 158.3 31.8/33.2 |31.6/33.3 33.1
3 94.7 158.3 31.9/33.3 |32.1/333 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 |31.8/321 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 |319/33.0 32.8
9 95.9 158.9 31.6/33.1* [31.7/33.2% 33.0
Part BJC/3 frtggoard 1 95.1 158.9 31.6/33.1% [31.4/33.2% 32.9
2 95.0 158.5 32.2/329 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 |31.1/331 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, 6 - - 31.6/33.2 - -
portside chain
Part BJC/S  Part of ) 7 96.6 158.2 31.3/33.0% [31.4/33.0% 32.8
portside chain,
towards trawl 8 99.4 158.5 31.0/32.9 28.2/33.3 32.8
9 101.8 158.0 27.4/33.2 |28.7/329 33.0
10 96.7 158.8 30.2/32.9* |27.9/33.1% 32.9
Certificate
Results - - - 32.7
Requirements - 32+16
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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Inner length [mm]
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No large differences in diameter on non-weld side between used and unused chain, i.e., only small loss in
thickness due to corrosion. All measurements are within requirements according to NS-EN ISO 818-2 and
ASTM A391 /1-2/ and correspond to the certificate.

The inside length of the different links shows increased lengths towards the trawl side of the chain (higher link
number), as shown in Figure 4-33. This is mainly caused by wear/deformation in the interlink area, as no
increase in outer chain length is seen. The similar trend seen for both chains, indicate that the assumed
orientation of the parts is correct.

The minor crown diameter (the one along the length direction of the chain, i.e., the one decreased by interlink
wear), is plotted versus link number in Figure 4-34. For both portside and starboard chain, there is a significant
decrease due to wear/deformation in the links closer to the trawl (i.e., higher link numbers). This corresponds to
the increasing measured inner length as the decrease in wear gives lower inner length. The cause of more
wear is most likely more movement of chain links relative to each other in this area.

Based on the plots, there is not expected significant interlink wear/deformation on the fractured chain link.

106
104
102
100 —@— Ref
=@ Starb
98
=@ Port

)

Yo}
'S

0 2 - 6 8 10 12

Link no.

Figure 4-33 Measured inner length plotted versus link number.
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Figure 4-34 Minor diameter of crown plotted versus link number.

4.5 Visual examination of derrick heads

The derrick heads were sandblasted before the NDT, to remove paint and corrosion products, and most of the visual
examination was performed after sandblasting. Significant wear is seen on both derrick heads, as shown in Figure 4-35.
Close-up images of the wear/deformation on the pin and on the cheek plates are shown in Figure 4-36 and Figure 4-37.
For both derrick heads, the wear/deformation is found on one side of the pin, i.e., upwards where the chain has been
hanging over the pin. As shown in Figure 4-38, the geometry of the wear marks corresponds to the link geometry. The
pink markings on several of the images shows the position of indications from MPI. These are believed to be folding of
the material as the chain moves over the derrick head, i.e., related to the deformation of the surface material, and not
cracks. See Paragraph 4.6 for MPI results.
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Figure 4-36 Portside derrick head. Wear on both pin (left image) and cheek plates (right image).

Starboard
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Figure 4-37 Starboard derrick head. Wear on both pin (left image) and cheek plates (right image).

2 ‘
. ' DPescription: 5ta thoard derrick head

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, 1 Five linear indications
connected to steel wire
rope 2-5 No indications
Part BJC/2 Unused section of 1-9
chain* No indications
Part BJC/3 IStarboard 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, 6
portside chain No indications
Part BJC/5 Part of portside chain, 7 No indications
fowards trawl 8** One small indication
9-10 No indications
MPH/CM/PORT/3 Portside derrick head - Three areas of indications
MPH/CM/SB/1 IStarboard derrick head - No indications

* The thickness of the coating was measured to ca. 50 ym, 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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Figure 4-40 Typical examples of corrosion pits on the link surfaces, sample 1-5. Four major pits are indicated
by arrows.

4.7.2 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 and Brinell hardness according to NS-EN ISO
18265, Table B.2 /4/. Results from hardness testing of the cross sections are shown in Table 4-5, and a drawing
showing the position of the different measurements is shown in Figure 4-41.

Hardness measurements were also performed on a cross section through the fracture initiation area of fracture A, see
Figure 4-4 for naming of fracture surfaces. The results are given in Table 4-6 and a drawing showing the position of the
different measurements is given in Figure 4-42.

Average hardness values obtained varies 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. The results from hardness
measurements show only small differences in hardness between the different chain links.

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).

Neither NS-EN ISO 818-2 or ASTM A391 /1,2/ gives any requirements to hardness or tensile strength of the material.
NS-EN ISO 818-2 /1/ states that the break load is calculated based on a tensile strength of 800 N/mm2. However, these
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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.

According to a 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 obtained results are significantly above this value.

Table 4-5 Results from hardness testing.

|Samp|e Measured hardness {HV10]
Link 1-5 Link 2-9 Link 3-1 Link 5-10 Fractured
Portside chain Unused Starboard chain Portside chain Portside chain
reference

Surface 1 415 419 424 424 417

421 418 422 428 425

426 422 425 438 422
2 radius 1 435-437-438 443443431 410-419-413 444445448 436-434-434
Mid 522-438-419 423-420-394 448-420-459 420-401-416 420417417
/2 radius 2 424-415411 443-448-449 451-452-449 443-444-447 429-437-433
Surface 2 420 434 431 409 421

420 432 426 409 428

417 429 420 420 421
lAverage values
IAverage, surface 420 426 425 421 422
Average, core 438 433 436 434 429
Total average 431 430 431 429 426
Values converted from total average, according to NS-EN ISO 18265, Table B.2 /4/
Tensile strength [N/mm?] 1344 1341 1344 1338 1329
Brinell hardness [HB] 425 424 425 423 420

Figure 4-41 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 4-6 Results from hardness testing of cross section through fracture initiation.

|Samp|e Close to fracture surface
Along fracture surface 428-416-416-408-415
Along link surface 418

423

427

423
Total average 419
\Values converted according to NS-EN ISO 18265, Table B.2 /4/
Tensile strength [N/mm?] 1308
Brinell hardness [HB] 413

Fracture surface A

Chain
link
surface

Figure 4-42 Position of the hardness measurements on the cross section through the fracture initiation area
(fracture surface A). The indents are positioned 1 mm from the chain link surface/fracture surface and 1 mm
from each other.

4.7.3 Chemical analyses

Spectrometric analyses were performed by Degerfors Laboratorium AB on material from five links. The results are given
in Table 4-7 together with relevant requirements. The chemical composition given in the chain certificate is included for
comparison. The report from Degerfors Laboratorium AB is enclosed in Appendix D.

Table 4-7 Results from chemical analyses.

Sample Chemical composition [wt%]
C Si Mn P S Cr Ni Mo Cu Al

[1-5 0.23 0.23 1.25 0.015 0.005 0.58 0.50 0.25 0.14 0.026
P-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
5-10 024 0.23 1.25 0.015 0.005 0.58 0.49 0.25 0.14 0.026
Fractured link 023 0.23 1.25 0.015 0.004 0.58 0.49 0.25 0.14 0.024
Certificate

| 0211 Jo216 0215 [o00154 [o00064 [ 0567 | 0510 | - |- | 0.0281
Requirements according to relevant standards
NE-EN 818-2 0.025 0.025 ) ) )
! o | ot oo | e iy

(Check) |(Check)

| do [ S | anow [ .

* Required amount of either chromium or molybdenum.

The analysed chemical composition of the different samples shows good correspondence, with variation within or close
to the uncertainty of measurement stated in the test reports. The only result that does not meet the requirements
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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:
e Part BJC/3, starboard used chain, chain links 3 to 9

e 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. lllustration of the test bed is presented in Figure 4-43.

The Certificate of Calibration is enclosed in Appendix E.

Figure 4-43 lllustration 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).

484 Testresults

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 @32 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 223 kN Three fractures of link 4
(including several links with crack-like indications)
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 -
IASTM 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.

DY projectno.; 10299927
Customer: Marine Accident Investigation Branch
Test date: 2021-09-10

Break load tesitng of “new chain®
Obtained breaking load: 998 kN

Performed by Tony Kvalbeim, DNV AS

Farce [kN

Figure 4-44 Part BJC/2, unused reference chain, tension versus total elongation.
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= "used chain"

DNV project no.: 10299927
Customer: Marine Accident Investigation Branch
Test date: 2021-09-10

Break load tesitng of "used chain"
Obtained breaking load: 223 kN

200

Performed by_ DNV AS

Force [kN]

100

50

0 2 4 6 8 10 12 14

Total elongation [mm)

Figure 4-45 Part BJC/3, starboard used chain, tension versus total elongation.

"used chain®  =——"new chain"
1200
DNV project no.: 10299927

Customer: Marine Acddent Investigation Branch
Test date: 2021-09-10
Break load tesitng of chains

performed by [N onv As

1000

Force [kN]
E
3

400

200

o L 10 15 20

Total elongation [mm)]

Figure 4-46 Part BJC/2, unused reference chain (blue) and Part BJC/3, starboard used chain (red), 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 (& 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 As)) 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.

Original Yield . Elongation Elongation .
S_ample gauge |strength, Tensile Lo =50 mm [%)] Lo =32 mm [%] Contraction
Sample |diameter strength, Fracture
[mm] Iength, Rpo.z* Rm [MPa] Lu A [%] LU A [%] du Z [%]
Lo [mm] | [MPa] [mm] s [mm] [mm]
BJC/1 —
ink 4 9.92 50 1328* 1341 5567 | 115 |37.36 17 6.30 59 Cup and
Portside cone
chain
BJC/2 Cup and
Unused, 9.94 32 1403* 1406 NA NA 36.26 13.5 6.69 56 czne
ref. chain
Minimum requirement for mooring chain according to DNV-OS-E302 /9/
Grade . Min. .
R6 - - Min. 900 1100 - Min. 12 - - - 50 -
* Yield strength is determined manually from stress/strain plot as shown below.
BJC1/Link 4 - Fractured chain BJC/2 - Unused chain
1400 | i 1400 r—
1200 ( 1200
1000 1000
‘© ©
[ [a
= 800 = 800
(%) (%]
(%) (%]
g g
&» 600 &» 600
400 400
200 200
0 0
0 1 2 3 0 1 2 3 4
Strain [%] Strain [%]

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 Lo = 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 As 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 As 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

Samble Chemical composition [wt%]
P (o 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/A 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 V4 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 MPH/CM/SB/1 - Starboard derrick head
head

Cheek plate material Pin material
Single values 118-117-115 274-269-270
IAverage, surface 117 271
IValues converted from total average, according to NS-EN ISO 18265 /4/
Table in NS-EN ISO 18265 A1 B.2
Tensile strength [N/mm?] 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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5 EXAMINATION OF FRACTURED CHAIN LINK, PART BJC/4

5.1 Visual examination

An overview image showing the fractured chain link as received is shown in Figure 5-1. The fracture surfaces were
protected using grease, and the link was wrapped in plastic film when received. The grease and loose corrosion
particles were removed using cotton rags and ethanol, and overview images showing the fractured link prior to any
chemical cleaning is shown in Figure 5-2 and Figure 5-3. The two fracture surfaces were denoted A and B as shown in
Figure 5-1.

The visual examination shows significant corrosion and no remains of coating on the chain link surface. The chain link
surface as received has less corrosion products and flaking compared to the surface of the other used chain that were
examined. This could be related to more handling, etc. prior to being wrapped up to be forwarded to DNV.

The fractured piece has two fracture surfaces. One surface, denoted A, that is relatively flat and oriented more or less
perpendicular to the length direction of the chain link. The second fracture surface, denoted B, has a rougher
appearance.

There is only limited plastic deformation in the vicinity of the two fractures.

Corrosion is observed on both fracture surfaces.

Fracture A

Fracture B

Pr. no.: 10299927 . 'J ﬁ
Part no.: BIC/4

Figure 5-1 BJC/4 - Fractured link: As received. The fracture surfaces were protected using grease.
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Figure 5-2 Overview images showing the fractured link after cleaning using cotton rags and ethanol.

Fracture A Fracture B

T L R ALy L L A RO L

Figure 5-3 Overview images of the two fracture surfaces, after cleaning using cotton rags and ethanol.
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5.2 Fractographic examination

The fractured link part was further cleaned using inhibited hydrochloric acid to remove corrosion products. The two
fractures were cut from the link part as shown in Figure 5-4 for easier handling and examination using a scanning
electron microscope.

Sample for chemical
analysis

Sample for metallographic
examination and hardness
testina

Fracture A 3
ir|n|m|’nu‘nninn‘x Fracture B
n KRIMFO
Samples for fractographic NORDER!
examination and metallographic -
examination in fracture initiation area

Figure 5-4 Cutting of fractured chain link.

5.21 Fracture A

An overview image showing fracture A after careful cleaning using inhibited hydrochloric acid, is shown in Figure 5-5.

The fracture surface has a likely fracture initiation area as is indicated in Figure 5-5. In this area ratchet marks /
breakover lines are seen, and weak indication arc-shaped features radiating outwards from the initiation area. This
indicates crack growth from muitiple initiation points. Ratchet marks / Breakover lines form when two (or more) cracks
from different initiation points meet and grows together into one crack. The initiation area is seen along the edge of the
fracture surface, approximately 90° from the interior/exterior curve of the link (i.e. 90° from the intrados/extrados). An
image showing the initiation area at higher magpnification is given in Figure 5-6.

Examining the link surface close to the initiation area, a number of small cracks were found close to the fracture initiation
area, as shown in Figure 5-7. These are believed to be similar cracks that have initiated in parallel with the main crack,
however has not propagated further.

The main part of the fracture surface shows an inner relatively smooth area, surrounded by an area with rougher
topography, more like a river pattern. This indicates a change in crack growth rate as the crack has propagated
outwards.

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com Page 50


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

Image courtesy of Det Norske Veritas

DNV

The upper edge of the fracture surface, ca 180° from the initiation area, is plastically deformed, see Figure 5-5. Thisis a
secondary damage, most likely formed in an impact when the fractured link fell down after the failure of the chain. In this
area, there is possibly a small overload fracture, however this cannot be assessed, due to the secondary damage.

Figure 5-8 shows a crack branching from the main fracture.

Plastic
eformation

direction

v———~~~~~~ / Crack growth
~
~
~
~
~
~
~

Initiation area

Figure 5-5 Overview image showing fracture surface A after careful chemical cleaning. The marked Area D
refers to the SEM image given in Figure 5-16. The approximate position of the line between the intrados and the
extrados (inner and outer curve) is included as a blue line, as the curvature of the link cannot be seen. Fracture
initiation area and crack growth direction (white arrows) are included in the lower part of the figure. The latter
shown by the white arrows. Plastic deformation is shown in the upper part of the image.
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Figure 5-6 Fracture A: Fracture initiation area. Break-over lines and indication of arc-shaped features
radiating outwards from the initiation area is seen, and marked by white and red arrows, respectively.

Link surface [

Figure 5-7 Fracture A: Cracks on the link surface, more or less parallel to the main crack, close to the
initiation area. Cracks shown by arrows.
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Fracture surface

Figure 5-8 Fracture A: Crack branching from the fracture surface, indicated by arrows

5.2.2 Examination of fracture A, using scanning electron microscope

Both the chain link surface close to the initiation area and the fracture surface was examined at higher magnification
using a scanning electron microscope. More cleaning using inhibited hydrochloric acid was performed to remove non-
conductive corrosion products.

As shown in Figure 5-9, an area of multiple cracking is found on the chain link surface, close to the fracture initiation
area. It is noted that most of the cracks are parallel to the fracture surface, however a crack nearly perpendicular to the
fracture is also found. The cracks have a jagged appearance on the link surface, indicating to intergranular cracking.
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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 5-11 Fracture A: Initiation area, left part.
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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.
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5.2.3 Fracture B

An overview image showing fracture B after careful cleaning using inhibited hydrochloric acid, is shown in Figure 5-17.
This fracture surface has a rather rough initiation area, as is indicated in Figure 5-17 and at higher magnification in
Figure 5-18. The main part of the fracture surface has a typical river-pattern, as is shown at higher magnification in
Figure 5-19. This crack has initiated approximately from the intrados (inner curve) of the chain. A shear lip is observed
ca 90-180° from the initiation area, see Figure 5-20, and this is the last part of the chain link to have fractured.

Shear lip

Crack growth _

direction

Figure 5-17 Overview image showing fracture surface B after careful chemical cleaning. Fracture initiation
area, crack growth direction and shear lip are included in the figure. The marked areas B, C and D refers to a
SEM image. The approximate position of the line between the intrados and the extrados is included as a blue
line, as the curvature of the link cannot be seen in the image.
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Figure 5-18 Fracture B: Fracture initiation area. Several cracks observed. The marked area A refers to position
of a SEM image.

Figure 5-19 Fracture B: Close-up of river pattern in main part of fracture.
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Figure 5-20 Fracture B: Close-up of shear lip.

5.2.4 Examination of fracture B, using scanning electron microscope
The fracture surface was examined at higher magnification using a scanning electron microscope. More cleaning using

inhibited hydrochloric acid was performed to remove non-conductive corrosion products.

Overview images showing the initiation area and part of the main area with river pattern, is shown in Figure 5-21 and
Figure 5-22, respectively. Cracks are seen in the initiation area, and to the left, there is an area with more cracks, Area
C, as shown in Figure 5-23.

Close-up images from different representative areas are shown in Figure 5-24 to Figure 5-27. The fracture topography is
a mixture of corrosion, and most likely a ductile fracture topography with dimples.

No cracks in the chain link surface close to the initiation area was observed visually.
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Figure 5-21 Fracture B: Fracture initiation area.
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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.
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Figure 5-26 Fracture B, area C: Area with multiple cracks, to the left of the initiation area. Corrosion and/or
dimple fracture topography.
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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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Chain link surface

Figure 5-28 Overview image showing the cross section through the initiation of fracture A. Two cracks parallel
to the fracture surface (shown with arrows), as well as one inhomogeneity perpendicular to the fracture surface
(marked by a dotted circle), is seen. The photo is rotated for more logical presentation.
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Fracture surface

Chain link surface

Figure 5-29 Overview image showing the cross section through the initiation of fracture B. Several cracks
(shown with arrows) close to the initiation area are seen. The photo is rotated for more logical presentation.
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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 I1SO
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/mm?. 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 1ISO 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:
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- 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 embrittiement 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:

- Itis 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.

- Itis 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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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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Marked with blue strip at one end.
Coated, thicnes of coating was specified by costumer to ca 50my.

Na indication.

Part BJC/3: Lenght 10 links. Starbordside.
Marked with green strip at one end. Links numbered from green strip.

Link no.2: 3 linar indications.
Link no.3: 2 linar indicatlons.
Link no.4: 8 linar indications.
Link no.5: 1 linar indlcation.
Link na,6: 1 linar indication,
Link no.7: 1 linar indication.
Link no.10: 2 linar |ndications.

Datuf/Dole Operatar/Ope-ator

2021-08-12 [N

Dato/Datn
2022-08-16

B

D pavasring Asist [nlmgrity A% - Sanchibinaska £1-63, N Si52 Sardsli - Tl + 47 54 31 ED OO, HD SRS 591 165 Mua

e Dtea e L C T

Mo part o7 tres docurert may ke reprocuced inany o, In s ectirone pnrbesl sysmem or ohemese, v thous the prioe wr ben pernbssion of the pubhsher, dalens cortalned
nareT w rezerved ror members of Ccesnsering and thersfore I3 922 b2 o= qouted, tited or shown externally 3 Ocmsreerng v thout thels written permssion
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MAGNETPULVER RAPPORT

MAGNETIC PARTICLE REPORT

o

(OCEANEERING)

|Kunde PO/Customer PO
1248239

vart prosjekins./Our project no,

0000210360/8029

Rapportnr / Report no
1067442

Rev

Part BIC/4: Part of fractured link portside.

No Indication.

Part BIC/5: Lenght 4 links. Portside.

Markaed with orange strip at one end. Links numbered from orange strip.

Link no.2: 1 small indication,

Datg/Date  Operatar/Operator

2021-08-12 (I

Dato/Date
2021-08-16

Oceanearing Assel Dtegrity A5 - Sundudimarks 6163, N-525¢ Sambsl|

DOV OLBIORELINGL L0

Tel; + 47 56 31 &0 00, O 255 551 035 MVA

No part of this dacument May b reprodudad in dny feem, in eluckrerve retreval system or ptherwize, mithgut the pror vwitten permission of the publisher, Materal conta rea

herein is reserued Tfar rembors of Oowanesrdierg acd thersfore i not to be gouted, cited or shown sxernslly to Ocesneering winows thel wrkten permisson.

e
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FOTOVEDLEGG i
IMAGE ATTACHMENTS (OCEAHEERHG)

Kunde POSCUStmer FD vart prosjekine /Ou- projact na. Rapportn- / Report no Rey |
1248230 000210360/ 8020 1067442 o
Bilder /Images

Filnayn ¢ Fllename: 3 3ACEET<B-E DAL -4004-
ADAF-C381CFS2075.py

Bedwrreelie / Descriplion;
BIC-1 Link ~ol

Filnaym / Fllenarme: 9 02019228-4800-49E9-
&024-EEOESSC 16620 pg

Beskrivelse § Dosoription:
BIC-1 Limk nal

Ha part of this cocoument ey be reprduced inany o, in elecrans retrieeal spster e gbheramss, wbhout e prine seeten garnticasn of Lhe publsher, Habaral conrmined
herzn 15 reserved for merbers of Qusaregdng ard therdfors g nel to b goulsd, oled S ghomn Gelervally 10 Coeioggring mithaut Evelr widlman permission.
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FOTOVEDLEGG o
ARG AT ACHIERTS (OCEANEERING )

Kunde PO Customer PO
1248239

Wit orosiekbrr. fur project no, REEpﬂﬁan Report na Amy
0000210360, 8029 1067432 [

Flfnavn { Fuename: 1 839A5881-CR30-4300-8993-
FIROCOCAZ07 00, [py

Bk welde ¢ Descriplian:
BIC-1 Link nol

Fifnavn { Fi ena-me; 15 1DCGFO9E-BATE-4814-9469 -
BEBE43201C1AD.pg

Beskqive sa / Gescrpton:
EXC-3 Link a2

Mz part of this daoument may bz regroduced Inany fer, In electronk: retrieva system or oiherwise, wihout te srior mrtten germissicn of the publisher. Matedal conkzined
hersin Is resarved fr memrEers of Deeanesring and thersfoe s notto be gouted, ched or shawn excemally b Coeaneering mkbact tnsir wikben sermizsar
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IMAGE ATTACHMENTS (DCEANEEHNG)

Kunde PO Customer FO Vart prosjektar. fOur project no. Rapportnr f Report na dey
1248239 0000210350/ 8029 1067442 a

Filnzyn { Fllzname: 16 13CO6F29-BOFF-1165-BFb4-
IDE2ABEZETCA jpa

Beskerivelse f Duscription:
BJE-3 Link no2

Filnawn { Filename: 14 F8AT4DOE-480F-4604-B521-
SEEEDCCTA0LE J2a

Beskrive sa / Descnption:
BIC-2 Link no2

Mu zart & this dozument may bo repreducsd m 2y faem, in clectranic rctiicval syslem o otberwise, wkhout i cror mrittes pormizsion af the publisher. Matenal conkaned
Fzreln b reserved fo- membets of Oceaneericg 2nc therefors | rakm be qowed, cked or shawn eeterally n Corzneering witheut Ehelr wrkhen pamission.

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com


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

Image courtesy of Det Norske Veritas

DNV

FOTOVEDLEGG 8
IMAGE ATTACHMENTS (OCEANEERING)

Munde POJCuster=r PO VA prosiekine Jour prodect nag, Rapmartn- ¢ Reporl na Rexis
1248239 OQ00 2 L0360, BOZI 1067442 1]

Filnavn { Filename: 17 273FEBBO-50CA-4285-Ba72-
LADOA FEEFFIE. PO

Baskrivalza / Dascription:
BJC-3 Link nad

Finavn f Fllaname: 1% D3FFCF39-BR37-42E7-
BC1E-327CHE475469E. jpn

Beskrivelss f Description:
BJC-3 Link no3

Fin part of thes dkuwrsnt may be reprocdaoml moary ferm, e esrone retrieval spsbem oo cthersise, whhout B crior wekten sermissian of the publsher. Matedal contsined
Feeritins o vesmeand fof enznnkes of Ceednosring anl therdfora i3 rod Lo e goutsad, ole or shosn eeiernally 1o Gceseeering whbout Beeir wden permission

- ek w
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IMAGE ATTACHMENTS

(ocennsentnsf

Kunde POyCusiomer FO

Vart prosjetnr/Our project ne. Rappernr / Repor: ne

1248230 oo0g2103640/8029 1067442

Rey

Filnavn { Fllanarme: 19 74718801 -7416f-
4A00-OFED-2DEDDLSAT05T jpg

Beskrivelse [/ Description:
BIE-3 Link no3

5852540 1EEBR Jpg

Baskrivalse / Description:
BIE-3 Link roet

Flnawn ! Filenama: 20 COEQ3C22-F4AZ-44EE-B750-

Ma part of ths dacurwrt may be rapradacad inany farm, ic @adeenic rmrigal spstam ar cthargiss, wihoat e price wdben pernission of e goblisher. Materis contalned

reren Is resersed “or members of Cceanzaring and therslare i rot bo be qoubed, dbed o shosn externalty o dezaneerng wkhout thelr writen pormession.

ez
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FOTOVEDLEGG 5
IMAGE ATTACHMENTS (DGEANEERNG)

Kunde POJ/Customer PO VEIL prosieknst, SO proed. nn, Rapportnr / Repoert na Rew
1248235 DO0021 0360/ 8033 1067442 (1]

Fifnavr f Flename: 21 BEE1Da5C-5016-1EAL-F1Y-
FE/LEFFI63EF_jpg

Bacrvelss ) Descidptian!
BIC-3 Lin< nod

Filnavn f Fllgname: 23 84B70FCC-DEH4-298A -
AFFA-ZBEROADS1A0G. jpg

Beskrivelse f Description:
BJE-3 Lnk no

Mo pant af s dacindont may bo reproccces] in any o, ir slectrone retriseal system oo ochersise, wihouk the priee writken permission o e subksner, Hatsdal cantzined
Farigir s remenend o misamiees of Cosarsning and thinslurs & oce ta b qonl=gd,; otee or shoer sipeepily in Gopareer ng wkbout thelr wAken permisson,
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FOTOVEDLEGG ®
IMAGE ATTACHMENTS (OCEANEERING)

Kunie POSCUstome: PO WhM progiectne/Our projecs ne. Repparkar / Report no Ry
1248235 0000210360,/8029 1067442 o

Flnawn { Fil=name: 23 FO300751-CB2C -4E04-BCES-
DCAAATZCTEES. P

Baskrivelse  Dascription:
BIC-3 Link nad

Filnavn ¢ Tileaame: 74 43N055F03-A7F9-41 A3-05ER-
100ARIEFB4CD jog

Beskrivelse [ Description:
BIC-3 Unk noA

N pert of thiz dozument may be reomduced i ene form, In eleckresc rstrisval syckem or obnEw se, witoout the pror written pemrymsion af the pubiisher. Maeral covainsd
hermin g rgsprend for martiess ol Nicepresring and fremfpre o egl b e gaeted, cied gr shosn experpafy b Joeanserion wibhxn Chet- wriber peression,
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FOTOVEDLEGG
IMAGE ATTACHMENTS

!

o

(OCEANEERING)

Kuride PQSCuslormer PO
124823%

Vit prosjekonr,/Our project no.
000210360/ 6025

Rapportnr { Repoit o
1067442

Rev
1]

1ETC2A05A8FAF jog

SiC-3 Link ros

Fiinawm ¢ Filerarme; 25 20791 FE4-0E92 -47B2-90CH

Beskroselse f Descrpeion:

BIL-3 Link rob

Flravn ! Filename: 26 &/54B42 F-HRFO-4242-
ARED-2537AGNIBCEAF. ja

Baskrive ca f Dascriation:

Mo part of Bs dorument may &2 reproduced In any fomm, n& o ronic RTIEG | Spamem o otharmiae, whlioul e cvins woklse peemissge of e poblsae, Hatensl sontsined

har=in is resersed “or members af Doeanesdng and therefare Is oof ko be goubsd, dbz2 or shomn aeterally to Goeaeccing mlilioil e weolien pyromswon.

Iy
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FOITUOVELLEGL

IMAGE ATTACHMENTS ( OCEANEERING)

Kunde POYCustomes PO VAt prasiektar, JOCr orajecl v, Rapportnr / Report no REv
1248239 0000210360, 8029 1067442 ]

Filnavn f Flename: 27 bCBYA76E-90418-4153-340R-
8 FAUFEFSEINFE. [0

o Eeskovelss ¢ Desc ptian!
B BIC-2 Link nab

Fllnawn ¢ Filename: 28 B1631B05-8266-4018-
Ba1E-8A0220ER40C2 jpg

Beskrvelse ! Descnpton:
BIC- 3 Link no6

Kz pert of thls dacoment may be reoredeced ino iy farn, o sludirane reirieesl speser oo ccheree, wihoot the prise wriken permission of B poblksme . Hatesal suntame:d
he-ein Iz res=rved for memie=s of Qocacecring and Ehoersfore B eed Lo ba gouleal, died oo shumn exieeealby 1o Ocsareer pg wihout thelr wiken permission.

LI IR e
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FOTOVEDLEGG 3
IMAGE ATTACHMENTS (UCEANEER‘NG)

Kurule POSCusleanier PO WA prosiekinr fOur praject no, Rappartin f Repoet na Rey
1148239 COO0Z10360,/802% 1067442 1]

Filnavn f Filerame: 30 2A3ERGL5-E371-4431-009F
CPOLBEZIEN 2 P

Beskrivelss f Description:
BIC-T Lirk ne?

Filng¥n { Fllename: 3% 2934BEEF-TEBE-470Z-B3CH
ArD4BDIF0E3L. pg

Baskrivelse § Descriplin:
BIC-3 Unk nold

We part of this dopumen: ray b reproduced in any om0 Eleckronk: retnevel spstem or otheralse, wkhout be prias wrkien permizsor of b publsier. Malenal contaonml
neseln Is mesarved for merhers of Oeeanepdeg aed Sersfors e ool to be quoted . cked o slose et eeaally b O marseren) wnluol Ve veelben peeoadin-
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FOTOVEDLEGG @
IMAGE ATTACHMENTS (OCEANEERING)

Kumide POYCuste mor O VAt prasjectnr./Our praject no, Rapperor £ Reporl ne Rusw
L24833% DOO0Z 10360 /8020 1087442 o

Filnavn f Filename: 34 BO2A315F-68C3-4750- 99 E4-
103FECIREETD. 00

Beskrivelse / Descript:on:
QEIC-3 Link ne:i0

Filrawn / Fl enams: 4 BDOFGRD ] -6394-4A05-BEES - [
DOSFRASGATRE. jpo

Beskrivene ! Desoriplion:
BIC-E Link no2

Mo part af his dacumert may b repradaced In any feems, i@ erane ralrises | sestern or wherese, whoal e prias whicen germiszsion o the subBsher. Maseral corkaned
Paren is rase~ved “or memoers of Cceanzaring and thorofore 15 ron bo b qoubsd, dbesd o 6low sxteealle in Cosareer ng wihout ikeir wnten permizzon
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a EN ISO 9712

NE@/RDTEST
NDT LEVEL 2 CERTIFICATE

Test method: Magnetic Particle Testing

I b

Ruskueneshuuen Y, 5251 Sareidgrend, Norwny Date of first issue: 2013-09-13

Date of birth: Date of renewal: 2018-09-13
19630537 Date of expiry: 2023-09-13

Swgnature holder of cernfieate

The cerntieate holder Tulfills all reguirciments of EN SO 9712 wxd KORDTEST DOC GEN 016, editon 6

g )
frucTills he requerenentsng

2018.00.05 P i !
ﬂ Nireclive 201A7/68 /5L
|}

’.~\,' Pressure equip rment

Sector: IMU Multisector (All industrial seetors)
Supplemental sector: Nun
Sector limitation: No limitations
Tnitial certification body: This certificate is a copy
FUACE Norway 2018.09.05 7

FORCE v/ wa Q

HORSK
AKKREDITERNG
FORCE Technolagy Norway FERS o0t

The certificate is valid only with the opzrating authorization which is based an visual acuity and proof of satisfactory work
with the achi | NDT methot, withoul interrepsions tofully no: more thun 1 y=ar. for the whole validity period The
dacumentation file of the cerhiiean hatder shall alsa foclude complaits witlin the scope ol the cenificcion competence. he
operoting authorization shal. be renewed annually

huthori cmployer; * Oceaneering Asset Integrity AS
Ucums Sancs limarky 62 <63, 5250 SANUSLE Nurway
NTO no. N-00O7
0B I3 2419.09.13 2020.89.13
aste o rgramaloniecr cacued vz Ak ugcanTinphes el el iw
2011.09.14 2022 1% 13 2240913

D e Y T

\

At d g s Brphna treea 3hse MhE e TgedwErpbnee tasin) vy

\\
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MAGNETPULVER RAPPORT

MAGNETIC PARTICLE REPORT

(OCEANEERING)ﬁ

Lunde PO/Customer PO VL srosjekinr, /Our project no, Rapportnr / Report no Ruw
1248239 0000210360/8029 1067829 0
Xunde/Client Antall vedlegg/Appendizes Testdato/Date of test

Det Norske Veritas AS 4 2021-08-12

Adresse/Address Prosedyro/Procedure Alesept sbasdard/Accept sid.
NS-EN ISO 17638 All indications reported

#ostaddresse / Postal add ess Omfang/extant

8608 MO I RANA 100%

Lunlaklperson/Supervisor Ulsiyr/ Equipment Materiale/Maleris|
UV-lamp, Yoke cs

Undersokelsested/ Test site Tegning rr./Drawirg No.
Agotnes -

Inspeksion av/Inspection af
2 numbers of Darrec Heads

1. MPH/CM/SB/1:
2. MPH/CM/PORT/3

Overflate/Sarface Sveisemetode/We ding proc. Fugetype/Joint Varmebehandiey/Heat Leaed
Sandblasted — ae- -—
Felistyr«g/Fielc stength Feltind kator/Fied indicazor Kontrastmaling/Contrast paint  |Magnetisert forfMagnatized tor
2,3-4,5kAm Castrolstrips - Lat/Long
Spolc/Coil: O Yoke: 5| Anncn/Orner: O
Typu: Type: Magnaflux Y6
S.Max: 150 mm
StromyCarrent: Strom/Cumenz: AC

Kantralimicdel /Examination medium
vatewet: [ Tore/Dry: [

Kantrollmideal/Examination medium

Svart/Black: O Fluariserende/Flucrescert: [

Anmprcninger/Camments
Extent of Inspection:

100% Fluorescent magnetic particle inspection of 2 numbers of Derrec Heads.

Marked:
- MPH/CM/SB/1
- MPH/CM/PORT/3

Resultat/Results
Derrac Head MPH/CM/SB/1:

No indication detected.

Derrec Head MPH/CM/PORT/3

Some small indicati I

ded 3 pl
P

See added pictures.

Daso/Date
2021-08-17

Date/Date
2021-nN8-17

Operatar/Qperator port approved

Qeeanecring Asset Tiegriny A5 Sondklimara 62 43, N 5254 Sand=i Telo 1 47 56 31 6L 00, NO 963 5§91 OO5 KYe

B L R

Mo part of by s dosument —ay b wpraduced in eny Faemy, in electome st sesl system or obye-wiss withor: the prioe sertber peer= w900 of the publeher, Mecenal cortained
harar s resnneed e mambers of Oceadsscing ard therefans s not o be cotnd, cred or oy maeina i 1o Dosarean o st et e e v h

1 avjof 4
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FOTOVEDLEGG

IMAGE ATTACHMENTS (OCEANEERING)

|unde POYCustomer PO Widrt srogjekznr, fOur project no, Rapportr f Report no R
1248239 0000210360,/8029 1067829 o

|Bilder /Images

Fi nawvn ¢ Filonarme: PORT_3, jpeg

Besknvelse / Descoription:
FORET 3. Indicstlons 3 paces

Finavn ¢ Filenarrs: Head1 jpag

Eeskrivelse [ Descriplion:
Indication 182

Mo parter tvs doetumerk may e cepraduzed inoeny Faeml in eleckeoric setr eval sysk=m oo obuetese, wibous the prior wokter e szion ol the publsher. Matenal corined
herer s pesereed Far nembers of Goeanasang arc thersfae s ot o b coted, cied or shown sxierna’y B Utseneer fo mitbcot By rowpnboer permpss ony

Favioal 4

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com


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

Image courtesy of Det Norske Veritas

DNV

FOTOVEDLEGG

IMAGE ATTACHMENTS (OCEANEERING)

“umde POy Customer PO Wk orosjekznr/Cur project no. Rapportr ! Feport no Rane
1248239 GOHIZ10360 /8029 1067829 o
Fi navn / Filename: Headz . jpg

Beskrvelse / Desoiption:
Tngicaticn 3

Mo partor t='s decumeerk 2y e ceproduced Inoeny Faer In eleckeoric setr evsl syst=m o obeneise, skt the prior wrkter senriszion of the puklisher. Met=ral conained
herer = reseraed for nenbers of Qzeanasang arc thersfae = oot o e cooted, cfed or shown sxerna’ y Ea Ursaneer rg siteco b B eownben permss o

Favfola
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N

Date of birth:
1963-05-27

2018.09.05

Ruskeneshauen 9, 5251 Sereid grend, Norway

EN ISO 9712

NE@JRDTEST
NDT LEVEL 2 CERTIFICATE

Test method: Magnetic Particle Testing

Number: $109-N2-M

Date of first issue: 0130913
Date of renewal: 20180913
Date of expiry: 202340913

FFulfils the requirements in‘

Directive 2014/68/EU

Pressure equipment

Signatur= holder of certificate
The certificate holder fulfllls all requirements of EN 150 9712 and NORDTES T DOC GEN 010, edition 6

FORCE
[TeGnoL0GY]

Sector: IMU Mulisector (ALl imdustrial sectors)
Supplemental sector: Nen
Sector limitation: No limitations
Initial certification body: This certificate is a copy
FORCE Nosway 20180905

5
o

RORNAY

FORCE Techrology Norway

201809.13

e T ——

20210913

The certficate 15 valid only with the operatmg authonzabon whch 15 based on visual acmty and proof of sahsfactory work
with the actaal NDT reethod, without internuptions totally rot more than 1 sear, for the whole validity period. The

docume ndstion fike of the certificats holder shall also include complsints within the scope of the certificstion competence. The
operating authonzation shall be renewed amually

Oceaneering Asset Integrity AS
OCEANEERING | samastimarka 62 63, 5254 SANDSL Norway
NTO mo. N.007

20190913 20200913

sl o o oS o, mond L

T S — -

20220913 20230913

L -

vl s gt T v el 4 p s - R ——r—

g

J
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APPENDIX D

Reports from chemical analyses
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D-LAB
P ER AR E %
T Y
DEGERFORS LABORATORIUM AB R
Provningsresultat / Test Results: ' i ST
9 . S8 DL-70664
Bezlz lara / Ciern Reczrzne ! Referarce
DNV GL AS
A0r98s F Addees
P.0O. Box 300,0rg. ID No: 94574893 1MVA, NO-1322 HOVIK
Lr bestS kg ¢ Yourovie- Ko | Anocredseg | Sareh Hageraton Dabe | Uislofiesmum dCole of espe e
10299827 2021-09-10 2021-09-13 695979
Priedicacchring! Sunyde & iy
1-5
Hclerimgar ' Notes
Rasultal! Matosakarhat! Ackrediierat milomrinde Stanuard meto Dlab mated!
Results Unzertainty of mezsurement  Aceredited ranpe of measurement Stanzard mathsd Clab methed
[ 2 0230 %% (L0 2% (AXI200 = 5.0 %y ASTM E 1019-18 S54-058M
Si .23 % N.0607 9% G01-3% ASTM E 572-13 SA4-5RdM
M 1,25 % 1.009% 00115 %, ASTME 572-13 5,4-054M
I 0015 % M002 9, 002 - 0,65 ASTM F 1NRA-14 54057
S 0.005 % 0001 % GO - 1,35 % ASTME 1019-18 SA-058M
Cr 38" 0.0G2 % G001 -30% S5.4-034M
Ni (.50 % (.00 %4 G- A0, SA4-054M
Mu 0.25 % 0007 % G0 -8 % SA-051M
1 0003 % 0.002 % G - 2N, S.4-054M
Nh <005 V4 ° (615 - 2 % 3 4-054M
Cu 0.14% G2 % G010 -4 % ANIM E572-13 Sa-54M
Co <2 (A05 % 4 5-16% ASIM L2 572-13 SA-U51M
N 0007 1% .0 2% GLANIG2 = 1,50 "% ASTM E 1019-18 S4-0601M
St (0K 4% (LGS 94 (02 - 0.1 % ASTM E 572413 SA4-054M
W < L0 %% o GO - 17 % ASTM EST72-13 S.4-054M
v 0.0634 %% 0001 e G5 -4 % ASIM L 572413 S54-034M
Al 026" LGOS e GOl-03% ASIM L TURG-14 S4-05T™
Ta <0002 %% .
Ca Q0008 %% *
B (K05 2% QAXNENG s (0002 - 0.003 % ASIM L TUR6-14 5405
As 0.004 % 0.0005 %o GO0 - 0030 % ASIML J086-14  54.057M
e 56.66 Yo »

" Cj schredilwiay gnulys § Nl aoo e lod anslys s
Tha rapentad Lovata oty 1 BRsad 20 A slandand ieoaranty mabplad by & svarage facter of k=2 arasdng & lasal af cnofidencn af aapraximetaly 95%,

Thig rapoct may not bs raproducsd other e e full sxseot wia the pooe wiltea spevowsl of the 2auing Isborsion

Noia. The eeudlz a0 enly valid for ha 2amabs &l has seen delivarad W the asoslosy,
Vin are rat rRAReNRER 10r ATzl Y CRASATRS BEACS 16 "1 CRANJRS 07 1M L11g PRrEMSAne. Plaass canan us i danbehil 2anas.

DEGERFORS LABORATORIUM

] Rasperian ér sgnarad lgiary

Laborant Ing rapor 15 digtaly s97cc

Tiegestors Leborsaium AD Pacne 46 58G-2163350 Fankpiry, 7356734

B 4 " Bank Svechook, Dsseto

SL-631 21 DoGLRIORS VAT no SC #56608044401 104N SERA9000061 5029633744494
IWLDIN BICSWTT SUTFDARSS

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com


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

Image courtesy of Det Norske Veritas

DNV

DEGERFORS LABORATORIUM AB
Provningsresultat / Test Results:

Grdame f Omerne

DL-70664
Resld larg ¢ G e Re“zrans ! Retorores:
DNV GL AS I
Adrass f Addrezs
P.O. Box 300,0rg. ID No: 94574893 1MVA, NO-1322 HOVIK
Fr bestid i o You ode Ko Agcreasog ! Barek: Regivcion Tak | Desboifbed o ¢ Dot of ssuc i

10299927
Frovbeiechning ! Samps deriy
2-9

Hebian e ) Ptne

2021-09-10 2021-09-13 695980

Reaultal’ Matosakerhst! Ackredizerat matomrade Stangsrd matoc Diab mated/
Results Unzertainty of messurement  Acoredined range of measurement Stancerd methed  Dfab methed
G 021274% 100G G020 -50% ASTM L 1019-18 S4-058M
Si 023% 0.007 % GOl -4% ASIML572-13 SA4-054M
Ma 1.26% 0008 %% Gl -15% ASTM L 572412 S4-054M
r 0015"% 0.0G2 e (002 - 0.05 % ASIM L 1UE6-14  S4-05TM
S G005 %% 0001 % G010 =055 % ASITM E 1019-18 S4-058M
Cr .58 %% 0,002 9, 01 -30% ASTM F 572-13 3.4-054M
hi 045 % 0004 % @01 - 30 % ASTM L 57213 S4-054M
Ma 025% 0.007 % 01 -8% ASTMEL 572-13 SA-054M
L 0003 3 0.0G2 % ASTM L 572413 S4-054M
kb < (0L05 %% + ASIM L 572-13 S.4-054M
L 0,11% 0,002 % GOl -4 ASTME 572-13 5A4-054M
Co <0.005 % + 05 - 10 % ASTM FE 372-13 54-054M
N 0008 % 0001 %% G002 - 0,50 % ASTM L 1019-1%8 SA-061M
Sn 0,008 % 0.0005 % G2 -0 % ASTMEL 572-13 S5A-054M
W 00 Y + G01-17% ASTM E 572-12 SA-054M
v (.06 % 00061 % G5 - 4% ASIM ES72-13 3A4-051M
Al 0.073 % 0.005 % 001 <113 % ASTME In86-14 54057
Tu < (002 %% o

La QU008 % ¢

15 Q0005 %% 000006 %% AXIG2 - 0SS ASTMFE I086-14 SA05T™M
As (0000 15 (4005 94 AN = LLEES0 ASTME IN8G-1%4  54-067M
Fc U667 Y 4
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DEGERFORS LABORATORIUM AB
Provningsresultat / Test Results:

Grdame f Omerne

DL-70664

Resld larg ¢ G e

Refarans ! Retorores
DNV GL AS

Adrass f Addrezs

P.O. Box 300,0rg. ID No: 94574893 1MVA, NO-1322 HOVIK
Fr bestid i o You ode Ko
10299927
Frovbeiechning ! Samps deriy
3-1

Hebian e ) Ptne

Aqvcredsog ! Bamek: Regianaion ak

2021-09-10

Lhsbsihed crum ¢ ok of 550 i

2021-09-13 695981

Reaultal’ Matosakerhst! Ackredizerat matomrade Stangsrd matoc Diab mated/
Results Unzertainty of messurement  Acoredined range of measurement Stancerd methed  Dfab methed
" 0231 % 0009 %% G020 -50% ASTM L 1019-18 S4-058M
Si 0.23% 0.007 % GOl -4% ASIML572-13 SA4-054M
Ma 1.26% 0008 %% Gl -15% ASTM L 572412 S4-054M
r 0015"% 0.0G2 e (002 - 0.05 % ASIM L 1UE6-14  S4-05TM
S G005 %% 0.0G1 %% G010 =055 % ASITM E 1019-18 S4-058M
Cr .58 % 0002 9%, G001 -30% ASTME 572-13 SA054M
hi 045 % 0004 % @01 - 30 % ASTM L 57213 S4-054M
Ma 025% 0.007 % 01 -8% ASTMEL 572-13 SA-054M
L 0003 3 0.0G2 % ASTM L 572413 S4-054M
kb < (0L05 %% + ASIM L 572-13 S.4-054M
L 0,11% 0,002 % GO0 - 4% ASTME 572-13 54-054M
Co <0.005 % + 05 - 10 % ASTM FE 372-13 54-054M
N 0008 % 0001 %% G002 - 0,50 % ASTM L 1019-1%8 SA-061M
Sn 0.008 % 0.0005 % G2 -0 % ASTMEL 572-13 S5A-054M
W 00 Y + G01-17% ASTM E 572-12 SA-054M
v 0.063 %% 00061 % G5 - 4% ASIM ES72-13 3A4-051M
Al 0.073 % 0.005 % 001 <113 % ASTME In86-14 54057
Tu < (002 %% o

La QU008 % ¢

15 Q0005 %% 000006 %% AXIG2 - 0SS ASTMFE I086-14 SA05T™M
As (0000 15 (4005 94 AN = LLEES0 ASTME IN8G-1%4  54-067M
Fc .66 Y +
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Provningsresultat / Test Results:

Grdame f Omerne

10299327 2021-09-10 2021-09-13

DL-70664
Resld larg ¢ G e Re3rans ! Retorores:
DNV GL AS
Adrass f Addrezs
P.O. Box 300,0rg. ID No: 94574893 1MVA, NO-1322 HOVIK
Fr bestid i o You ode Ko Agcreasog ! Barek: Regivcion Tak | Desboifbed o ¢ Dot of ssuc i
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Frovbeiechning ! Samps deriy

5-10

Hebian e ) Ptne

Reaultal’ Matosakerhst! Ackredizerat matomrade Stangsrd matoc Diab meted/
Results Unzertainty of messurement  Acoredined range of measurement Stancerd methed  Dfab methed
" 0236% (LK (RS G020 -50% ASTM L 1019-18 S4-058M
Si 0.23% 0.007 % GOl -4% ASIML572-13 SA4-054M
Ma 1.25% 0008 %% Gl -15% ASTM L 572412 S4-054M
r 0015"% 0.0G2 e (002 - 0.05 % ASIM L 1UE6-14  S4-05TM
S G005 %% 0.0G1 %% GO0 -055% ASITM E 1019-18 S4-058M
r .58 %4 0,002 9%, 001 -30 % ASTM E 572-13 54-054M
hi 045 % 0004 % @01 - 30 % ASTM L 57213 S4-054M
Ma 025% 0.007 % 01 -8% ASTMEL 572-13 SA-054M
L 0003 3 0.0G2 % 4 ASTM L 572413 S4-054M
kb < (0L05 %% + ASIM L 572-13 S.4-054M
L 0,11% 0,002 % GO0 - 4% ASTME 572-13 54-054M
Co <0.005 % + 05 - 10 % ASTM FE 372-13 54-054M
N 0008 % 0001 %% G002 - 0,50 % ASTM L 1019-1%8 SA-061M
Sn 0.008 % 0.0005 % G2 -0 % ASTMEL 572-13 S5A-054M
W 00 Y + G01-17% ASTM E 572-12 SA-054M
v (.06 % 00061 % G5 - 4% ASIM ES72-13 3A4-051M
Al 0.076 % 0.005 % 001 <113 % ASTME 1086-14  54-057TM™
Tu < (002 %% o

La Q0008 % ¢

15 Q0005 %% 000006 %% AXIG2 - 0SS ASTMFE I086-14 SA05T™M
As (0000 15 (4005 94 AN = LLEES0 ASTME IN8G-1%4  54-067M
Fc 6T %% +
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DEGERFORS LABORATORIUM AB
Provningsresultat / Test Results:

Grdame f Omerne

DL-70664

Resld larg ¢ G e
DNV GL AS

Adrass f Addrezs

Re“zrans ! Retorores:

P.O. Box 300,0rg. ID No: 94574893 1MVA, NO-1322 HOVIK

Fr bestid i o You ode Ko

10299927

Aqvcredsog ! Bamek: Regianaion ak

2021-09-10

Lhsbsihed crum ¢ ok of 550 i

2021-09-13

695983

Frovbeiechning ! Samps deriy

Fractured link

Hebian e ) Ptne

Reaultal’ Matosakerhst! Ackredizerat matomrade Stangsrd matoc Diab mated/
Results Unzertainty of messurement  Acoredined range of measurement Stancerd methed  Dfab methed
G 0.26% 100G G020 -50% ASTM L 1019-18 S4-058M
Si 023% 0.007 % GOl -4% ASIML572-13 SA4-054M
Ma 1.25% 0008 %% Gl -15% ASTM L 572412 S4-054M
r 0015"% 0.0G2 e (002 - 0.05 % ASIM L 1UE6-14  S4-05TM
S G004 %% 0.0G1 %% G010 - 035 % ASITM E 1019-18 S4-058M
Cr .58 %% 0,002 9, 01 -30% ASTM F 572-13 3.4-054M
hi 045 % 0004 % @01 - 30 % ASTM L 57213 S4-054M
Ma 025% 0.007 % 01 -8% ASTMEL 572-13 SA-054M
L 0003 3 0.0G2 % ASTM L 572413 S4-054M
kb < (0L05 %% + ASIM L 572-13 S.4-054M
L 0,11% 0,002 % GOl -4 ASTME 572-13 5A4-054M
Co <0.005 % + 05 - 10 % ASTM FE 372-13 54-054M
N 0008 % 0001 %% G002 - 0,50 % ASTM L 1019-1%8 SA-061M
Sn 0,008 % 0.0005 % G2 -0 % ASTMEL 572-13 S5A-054M
W 00 Y + G01-17% ASTM E 572-12 SA-054M
v (.06 % 00061 % G5 - 4% ASIM ES72-13 3A4-051M
Al 0.07%1 % N.005 % G0 <135 % ASTM E 1N8h-14 S54-05T
Tu < (002 %% o

La QU008 % ¢

15 Q0008 1 000008 9%, AXIG2 - 0SS ASTMFE I086-14 SA05T™M
As (0006 15 (4005 94 AN = LLEES0 ASTME IN8G-1%4  54-067M
Fc U668 Y +

" Cj schredilwiay gnulys § Nl aoo e lod anslys s
Tha rapentad Lovata oty 1 BRsad 20 A slandand ieoaranty mabplad by & svarage facter of k=2 arasdng & lasal af cnofidencn af aapraximetaly 95%,
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DEGERFORS LABCRATORIUM AB
o RAwsO ; 5 ’ Cirdarne ! Orernn

Provm fgsresu Itat / Test Results: iy DL.72498
Lestal s ! Clent .

DNV GLAS ——

Ak wse f Vi ess

P.O. Box 300,0rg. ID No: 945748931MVA, NO-1322 HOVIK
E"'.os‘,.‘l}m&:v r'v-vk f-:lw';{mpt erp; ?;:l.v'.";'-l':’vtiyl -l.;&'n:i-\'vi.w D!erl LT bL-I: ]

SAKNAS 2021-12-09 2021-12-10 703062
Sonddaezen o ! S lu iwe Ly

SB/1

No&am Mo
Regullal! Malosakernhel! Ackrediterar mtitomedde Slandad melod Db melod!
Resulls Uncedainly o measuremenl  Accredited range of measurement Slandard melbed Db rmethed
c 0420 % 0.02 % 0.0020 - 5.0 % ASTM E 1018-18 5.4-D58M
Si 033 % 0.008 % 001-4% ASTM E 572-13  5.4-064M
Mn 081% 0.007 % 0.01-15% ASTM E 572-13  5.4-054M
P 0.020 % 0.002 % 0.002 - 0.05 % ASTM E 1086-14 5.4-057M
S 0.041 % 0.005 % 0.0010-0.35% ASTM E 1019-18 5.4-052M
Cr 1.07 % 0.004 % 001-30% ASTM E 572-13  5.4-054M
Ni 0.02 % 0.00Z % 001 -404% ASTM E 572-13  54-064M
Mo 0.19% 0.007 % 001 8% ASTM E 572-13  5.4-054M
T 0.003 % 0.002 % 0.003-2% ASTM E §72-12  5.4-054M
Nb < {0.005 % & 0.005-2% ASTM E 572-13  5.4-054M
Cu 0.054 % 0.002 % 0010-4% ASTM E 572-13  5.4-054M
Co < {0.005 % . 0.005 - 16 % ASTM E 572-13 54 D54M
N 0.005 % 0.001 % 0.0002 - 0.50 % ASTM E 1019-18 5.4-081M
Sn 0.005 % 0.0005 % 0.002-0.1 % ASTM E 572-13  5.4-054M
w <001 % * 0.01-17% ASTM E 572-13  5.4-054M
Y 0.005 % 0.0008 % 0.005-4% ASTM E 572-12  5.4-054M
Al 0.018% £.004 % 001-03% ASTM E 1085-14 5.4-057M
Ts <0.002 % € ASTM E 1086-14 5.4-0571
Ca 0.0021 % * ASTM E 1086-14 54-067M
B 0.0004 % 0.00007 % 0.0002 - 0.0085 % ASTM E 1085-14 5.4-057M
As 0.003 % 0.0Q04 % 0.001-0.030 % ASTM E 10B5-14 5.4-057M
Fe 97.00 % e

G gtwadianad anas | No. saniiled ensher
The reaiad unoadsinty @2 baaad an 8 sandad unoataivty mullipliad oy 8 coveraga facor of 4=2, prowddng & laved of sonfoencs of spproeimealy A5%
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D-LAB
: 0] z 2 7

DEGERFORS LABCRATORIUM AB : ?‘-:w'_’f.

" Reushn g ey Crdarne ! Qceeng
Prt{vqlngsresultat f Test Results: et  DL.72498
Eestdlyn ! Ulent Heferes ¢ Resernnoe
DNV GLAS
Ak osef Nddess
P.O. Box 300,0rg. ID No: 945748931MVA, NO-1322 HOVIK
= zesillning ! Your odar he Ackorodag ) Sarp o Jegisralon Dalp L Nsdobr D of isoac oLz
SAKNAS 2021-12-09 2021-12-10 703063
Sertodwzan g ' Sarin ety
Port/3
Mo st Notses
Resultat) Martasa ket Ackrediterasl nvfitomesde Stariiard mutod Db rimod
Results Uncetainty of messurement Acerediled mnge of measurement Stardard methad Db rmethed
C 0.154 % 0.007 % 0.0020 - 50 % ASTM E 1019-18 5.4-058M
Si 0.03 % ¢ ASTM E 1085-14 5.4-057M
Mn 1.08 % Ly - ASTM E 1086-14 5.4-057M
P 0010 % 0.002 % 0.002 - 0.05 % ASTM E 1086-14 5.4-057M
5 0.015 % 0.002 % 0.0010-0.25% ASTM E 1018-18 5.4-058M
Cr 0.03 % 2 - ASTM E 1086-14 5.4-057M
Ni 002 % b ASTM E 1086-14 54 057M
Mo <0.01 % & - ASTM E 1086-14 5.4-057M
Ti = 0.001 % $ - ASTM E 1086-14 5.4-057M
Nb <0.002 % . - ASTM E 1086-14 5.4-057M
Cu 0.017 % * - ASTM E 10B6-14 5.4-057M
Co =0.01% by 001-035% ASTM E 1086-14 5.4-D57M
Sn = 0.002 % * - ASTM E 1086-14 5.4-057M
W 0.004 % & - ASTM E 1086-14 54-067M
v <0.003 % * - ASTM E 1086-14 5.4-057M
Al 0.004 % g 001-03% ASTM E 10B6-14 5.4-057M
Ta <0.002 % % ASTM E 1088-14 5.4-057M
Ca < 0.0005 % L ASTM E 1085-14 5.4-057M
B < 0.0002 % s 0.0002 0.005 % ASTM E 10856-14 54 D57M
As 0.005 % 0.0008 % 0001 0.030 % ASTM E 1086-14 5.4 DS7H
N = 0.002 % 2 0.0002 - 0.50 % ASTM E 1013-18 5.4-DE1M
Fe 2861 % "

SO suosdnerad gnahys [ Nol sacrecited snolse
The reaiad unoadsinty @2 baaad an & sandad unoataivty mullipliad gy 8 coveraga facor of @=2, provddng & laved of sonfoencs of spproeimenaly A5%

ThIS r2patt may 1t 02 reproducee olfer a0 r full cxcaps wih e pros wilicr approal of 192 ssarg labastony.

Houte: The resulls e coby vaid for the samphe shat vas been cetiver=d 4o the keboratory,
Wz ar retresporso e for dectonizily ransior2a (pons cLe 0 changes of dra during Tansmiss on Flzase contact us In deubtul sascs
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Certificate of calibration, 28.5 MN tensile tester
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Materialprifungsamt Nordrheln-Westfale
PRUFEN  UBERWACHEN  ZERTIFIZIEREN

akkreditiert durch dié / accredited by the

Deutsche Akkreditierungsstelle GmbH

Alk'odrb,ﬂrqgulc
als Kalibrierlaboratorium im / os collbration laboratory in the W

Deutschen Kalibrierdienst DKD

WO723-1

D-K-

Kalibrierschein Kalibrierzeichen | 11142-01-00
Colibration certificote Calibration mark 2018.04

Gegenstand Zugprifmaschine, llegend / tension testing ~ 2@ser Kallbrierschein dokumentiert die Alick-
Syuct “inrung auf nationak: Mormale zur Darstellung

machine, horizantally der Eitheitan In Gbeveinstimmung mit dem

Internationa'c n Einheltensystem |5))

Hersteller MFL Priif- u. Messsysteme, Schifferstadt / Die DAKKS Isl Unterza.chner der multilateraien
Macifocaurms MessTek, Luchwigshafen Dbereinkommen der Furopean co-operaticn for

Accreditation (EA) urd der Internatlonal Lasara
R(; Lzep tory Accreditation Cooperation |ILAC) zur ge-

fensaitigen Anerkennung der Kalibrierscheine.
Fiir die Elnhaltung ¢inc angemeassarer Zrist zur

;;l;l::;ﬁ'enen-m. 000192 Wiederholung der Kallbrierang ist der Benuter
verantwortlicn.
¢ This cefibration  certificote  dacuments  the
(A:.[;:f,g o DRV GL AS traceobility to nationol stondards, which realize
Damsgardsvelen 111 the unlts of measurement according to the
N-5058 Rergen / Norway Internotionol System of Units (S1).
Auftragsnummer 430723 18-1 The DARKS is signatory to the muithoters)
Grder Mo, ogreements of the Europeon co-operation for
Accreditotion (EA) wnd of the International
Anzahl der Selten des Kalibrierscheines 8 todoratory Accreditation Cooperation (ILAC] for
Number of pages of the certificate the trutual recognition of coiibration certlfica-
tes.
E:;“(:}'ﬂg;‘:a':z{:b”emng 2018-04-10 The user is obliged to have the object recoli-

broted at oppropriote intervals.

Dieser KaSurierschein darf nur volstindiy und ununrandert weilerverbroitot werden, Auszige ader Angerungsn bedirfen der Genehmigung
suwohl der Deutschen Adreditierungsstelle GMoH 3l such des avsstellenden Kalibricna boratariums. Kalibrierscheine chne Uniesscanft haben
kelne Giltlgkeit.

This calibratan certificole may not be reprotuced ohver than in fisll excep! with the permissian of both the Sewtsche Akkreditierungsstelle Goed
ond the isswiny foborotary. CallbroLion certificatrs Atheut sGnolure ore nar yola

Datum 5telly, Leiter des Kalibdrdaberatoriums Bearbaitar
Dere Vi boratary e Person \n charye
i NN
e,

Cebiv s 723 V004 0001 22 % _it.zoc

Fansn-ezhrif zhnetation: Dormiumd-Abl, AuBenytelle crmitts Bankvertindungen

Murbruchstrade 12€ Isegrarre: prifary, Torimund Aulden 1bcanen Dewnscro Bundasbunk Filoe Cortmand
C~4ZE7 Jertmund Offenbiche Wrkebryinrtal J-54597 Ervsime I1BAN DF 3444G00000044D00R15
Telafon (2121] 45 050 Zezarhahin L47 wo 1 IbF, Teeten (029 43) 3870 BIC MARKDLF 1440

Teklax (0231] 45 & <4 Rizhiung Apluiback Teletue (02943)897-33 RILZ 440 020 00

20Nl icfp@mpmnwde By JAilerstreia” E-Mal: sfa@mmanre, de 0. 44001815
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[ER TR LR I R L e e+ i T ETY

2028--23

W -1
MPANRW, & .=
® L [1azp140

Maoterialprifungsami Mordrhein-Weastalan
TRUFEN  JLERWIGHEM  ZERTIFITIEREN

Z0LE-04

1.  Kalibriergegenstand / calibration object

Gegenstand / abrect:

Standart der Maschine f location of the machine:

BauartyTyp [ madeitype
Fabrikat/Seriennummer ! serial furmber:
Inwentaraummer / inventarny sumber:
Baujahr  yegr of construction:

Antrieh / drive machonism:

Kraft-Aufnehmer / force transducer:

Serlen-nr Horsteller [ serial Ma, Smanufocturer:

Kiaft-Anzeige / force indication:

Serlen-Ni.fHersteller { seral Mo, /manufacturer:

Zusalzeinrichtung / additiongl comporents:
wraftanzeigebereiche / foad indication ronge:
Maximale Einbawhdbe / Einbaulinge [

max. doviight / tatal length:
Pendelschaibanmassen # pepauiien-dise mosses:
weiterer Hersteller § further monufecturer:
Baujahr weilerer Hersteller § year of construction
further manufocturer;

Seriennummer welterer Hersteller f seniai number

Surther maniafocturar:

Zugpnifmasching, lregend [ tension testing machine,
harzontally
Prilthalle - Bergen J testing hatl - Bergen /|

Damsgardsweien 111, Bergen

-/ LZED "

ano1s2

__I."_

1983

Hydraulrsch, Motarpunpe f hydroufically, motor pump
Elektr. Kraftaufnehmer (DS an der Kolbenstangs) [/ efectric
force trensduwcer fstramin gavges ot piston rad)

Foree 1; Force 2 F -

Zifernanzeige [Monicor) f ndreric dispioy {mantor
-7-

s
2RS0O KM Zug / tension

f-
-f
MessTek, Ludwigshafen

s

-f-

2. Kalibrierverfahren f calibration procedure

Dig Prufmaschine worde gemak GIN £N 150 7500-1:2016-05 in 4 Moss beraichien] dberprifl und kalibriert. f The testing
machine vaas inspected ond cafibrated i greordence with O O 50 7500-1 201605 Jn 4 FIBasUring rangeyds),

tarsbruchstrade 186 - 34787 Dortmund - Telefon {02 31} 45 024133 - Telefax (0231995 0210433 - C-Mall: kallbrieruing@mpanrs.os
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W O7s-1

Saile Iyon 8 zum Kalibrierschein vom HO1H-04-35 Pﬂ | *ﬂi nkK-
Foge 3 of 8 of calibration certifog te of L [ ] § _#4 111420400

Meteriilprofungeami HordrhelrWestfalan
ARUFEN UBRERWOCHEM JERVICIZIEREM 2018-04

U-Mr: DT25_M_D0L SN 2T 0d_d3der

3.  Ortder Kalibrierung { location of calibrotion

bie Uherprifung und Kalibrierung erfolgle am oben genannten Slandort, £ The inspection ard culibration was corried aut
at the above-mentioned focation,

4, Messhedingungen / measurement conditions
'."l -

E. Umgebungsbedingungen / ambient conditions

Raurmtemperatur [ room temperatire: Siche Zahlentafelin] / ses tala sheetis)

6. Messergebnisse f measurement results

6.1 Allgemeine Oberpriiffung der Maschine f generol inspection of the testing machine

a) sustand und Funktion # behaulowr oad function
- Traversenfihrungen / crassheod quidies
Aufseelfung der Maschine | mounting af the mechine
Fiihrungsrollen / guiding rolls
- Krafteinlritungstelie f parts af the drive machamisem
- Verbindung won Sdule u. Traversen / fosteners o columns and crossheads
- rugkfreier antrieb / wniformr wariation of the force
- Keanzelchnung der Pendelschel benimassen / identificrtion marking of the masses of peadulum
- awale Ausrichtung / axial glgoment

b) Umgebungzelnfiisse / infleences of the envirormental canditions
- Ermschifterungen [ vibratians
- aggressive Medien [ ogressive medic
- cinseitipe Temperatureinflitsse £ temperature influences from one side
o) Druckplatten / pressure plates
- Ebenheit / evenness
- Hirre ) hardness
- Beweplichieit/Spiel [ moityStroke
= Durchbiegung bei Hichstkraft / bend wnder max, force
d) Oberpritung des relathven Biegeeintluszes f, / verfication of relotive influence of bending .

Uberpriifte Positionen: / inspected pasitions. a, b

Die (berpritfeng ergab keine Reanstandungen. | The verifigotion did rat resutt In okjections.

Bemerkungen / remearks: -/ -

MarsbruchstraBe 186 - 44287 Corlmurd — Tzlofor 6331045 02433 rebofar (02 340 45 82-10434 - E-Mall: kalibriemangfimpanra. de
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Seite dvon 8§ zum Kellbrierschein vorr 1018-04-23 N w = .":g e
Page 4 af 8 af colbrotion sevtificate of = PR 11143-01-00
Matarlalprifungsamt Mordrheln-Westlalen | ——— |
FRUFER  UBERWACHEMN LRTIFIZICREM 2018-04
b BRTHERL I TR T - I AR e
6.2 Kalibrierung der Kraftmesseinrichtung / calibrotion of the force measuring device
@] Beurteilte Kraftanzelgebersiche und deren uflasungsvermégen  evitlvated lood inalicatisn rariges and thelr
reslutian
kraftanzelge- Anzelge F | Aufldsung r*) AMbleseunsicherheit o Tugchirigelr) |
bergich £ von bis = % von F, eleklr.
kraftaufnehmer
{DMAS an der
Kolbenstange|
toend indicotion Indicoled force F; resciution r¥p refative resolutian @ Lied elactrip foree
Hanie Fy from e = % ofF transdwcer [strai
gopges ot
pistan rod}
28300 &R 200 kN 20000 kN | 1 kM 0.5 Farce 1
ZALON kM 200 kN 20000 kN 1kN 05 Foroe 2

*) Aullisung r=1Tiffernschritt bzw.
r=1 Skalenteil ungswert/schitzbarer Bruchteil eines Skalenteilungzwertes
Wwienn die Anzeige schwankt {siche Bemerkungen):
r=halhe Schwankungshrelte plus L Zifternschritt
¥ Resolution ¥=1 digital step or
= I partition af soaledestimoble port of the portition of scale
if the display fluctugtes (vee remark):
r = holf af the limits af voriation plus 1 digital step

Ej Die relative Nullpunktabweichung fo entspricht in den kalibrierten Kraft-Anzeigebereichen den Anfarderungen dar
frwielis 2ugelassenen Klasse. / The relative zero error f fulfils the requirements of the respective odmilted closses
aceording bo the tested indlcation ronges.

] Ermittlung f determination of
- derrelativen Anzeigeabwelchung 4 / the relative disploy deviotion g
= der ralativen Wiederhol prizision b/ the relotive repedtability b
= der relativen Umkehrpanne u ) the refative reversal error o
- des Einflusses der Zusatzeind chtung / the influence of the edditional deviga

Bermerkungen / remorks:

Ole Abweithung der Messwerte = 16500 kM sind aus cxtrapaolierten Sollwerten des 25t 2500041 K 2126 ermittelt, f The
devigtion of the measured values > 16500 kN wore determined fram ckbropaloted reference volues af Xt 25000/2 -
k2126

2ur Berechnung der “Kraft-Kennlinie" verwendet der Rechner bestimmte Faktoren, bel deren Andery ng der
Kalibrierschein des MPA hRW scine Giltighelt verliert, ¢ When caiculating the “force characteristic fine', the compoater
utiizes certoin foctors; altering these factors coases the calibration certificote of the MPA NRW lo fose its vaiidity,

Marsaruchstaie 186 - 44287 Decmond Tekfon (22 31 45 02-3335  Telefax (02 31) 45 0218453 - E-Mail: kalibriensngimpancw. de

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com


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

Image courtesy of Det Norske Veritas

DNV

Yelte 5 won 8 2urn Kallbrie rsehisin

Page 5 of &

DM SR8 DUz _g2 pa_Rdcz

WM 2018-04-23

af cafibrotian ceetificale af

MPA NRW, /8

Materiglprifungsamt Mardrhain-Westalen

HULIFE R FERTIFITINROM

UEERWRLHEM

W 0723-1

k-
111424100

201504

Der Kalibrierung amn 2018-04-10 lagen folgende Kallbrierfakloren zugrunde: £ The colibrotion on 209 8-04-10 wrderday the

Joilawing calibrotion factors:
Sensitivity Force 1: 3162 kY
Lensitivity Farge 21 21155 kNS

6.3 Zahlentafel(n} / duto sheet(s)

Farce 1
hMiosshereich / measuring range:

Kalibrierdatum [ dote of colitration:

Temperatur / temperature:

weitere Angaben [ odditionol detalls:

2500 kN Zug / tension
2018 0410

13,

210,85 C

Foree 1

Hawptrethen / mais Les) series

erganzende Messreike /
odditional tect series

; el & J B p g b Wiz
Maschinen-| richtige |4uffsung| Anzeige- |[Wisderhol-{Umkehr-  Anteige-  |Wiederhol- hAEsSLR-
anzeige Kraft abrweichung| prizislon | spanne abweichung| prizisian sicherheit
maching  |Meesured|resafution|  oisploy repeolo- |reversal disploy repegta- uncertginty af
oisgmioy force oevialion bility errar | devigion ity mEnsuremant
kM kM kM % % " ) % kS
ENEETTIE 0,12 0,49 « | - D4
400 3073 | 1 0,68 041 - - 0,30 |
S0 4573 1 0,43 0,__]_.3 - 0,1%
B0 756,0 1 0,50 0,19 - 0,18
| 1400 I‘]j??,l | i 0,21 0,10 2 2 0,14 o
2000 2000,10 1 0,00 0,05 E L 2,13
o200 2m007 | 1 .04 0,04 5 : 0,13
| 40a0 A00R,0 1 1,20 0,02 - - 0,12
B0O0  E014.1 1 [ __-F],l'ﬂ 01 - - - 0,12
12000 12012.K 1 0,11 0,06 - - @ 0,12
16000 | 160064 | 1 0,04 0,00 : 0,12
20400 20000,5 L 0.00 000 - - 012

farshruchstrabe 186 - 44287 Donlrnund - Telelfan (G2 21] 44 02933

Tedefan (32 31) 45 02-10433 -

E-Wail: kahbrisning@mpannwde
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2um Kal briarschain vam

af calitration certificete of

Lok O0T2E_W_G1_I021_TT_04 144z

20150423

M N w. uf;i

Maiariolprifungatmt Nardrhein-Wasifalen

WIF

PHLERWSACHILE

11142-01-00

PERLIFIZIERER

2015-04

Cher kalibrierung am 2018-04-10 lagen folgende Kalibrierfaktoren rugrunde: / The enlibration on 2018-04-10 urgeriay the
feslloweing calihration foctors:

Sensitivity Force 1: 3162 kN
Sensitivity Farce 2: 3155 kv

6.3 Zahlentafel{n) ! dato sheet(s)

Force 1

Messheraich [ reasuring range:
Kalibrierdaturn / date of colibraticn:
Temperatur J tempergtire;

waitere Angahen [ additional details:

#8500 kt Zug / tension "
231E-04-10
429,74 0,6} °C
Faree 1

Hauptreihen # main test series

erganzende Wessreihe ,r']
additlonal test series

£ F ¢ a | b u a b Wiz
Maschinen-| richtige |Auflisung| Anzeipe- lwiederhol-{Umkelr- Anreipe-  Wiederhod htessun- ]
anzeige | Kraft abweithung pragizion | spanne abweichung prizision slcherheit
maching  |megsured|resolution|  display repealo- |reversal|  disploy repeota- Lreerininty of
display fares devigtion bility ermar | devigtlon bility mégsurement
kM kM kh kS % 2% ko % %
200 | 1A | 1 012 | 049 | - ’ 0.4
400 3873 1 0,68 041 - - 0,30
Soa 45740 1 043 0,13 - 0,19
. eli] 736,40 1 Q,50 0,19 = 0,18
_lill:lﬂl 1297,1 | 1 0,2_1 0,10 = 0,14
2000 2000, 1 0,00 (0,05 | 1,13
2000 20007 1 -0,04 E;,Eul- - A 0,13
4000 | 400B.D 1 4,20 0oz - . 012
K000 BO14,1 1 0,18 0,01 - - [ 0,12 )
12000 |120123| 1 0,11 0,00 - - 0,12
16000 | 16006,4 1 0,04 0,00 ; " 0,12
EEWD 20000.8 1 3,00 0,00 - 0,24

MarabruchstiaBe 196

BT Oerrund - Telelon (02 310 45 02 333 -

Telafae (02 31) 9502 10439 -

E-Mlall: kalibrierungfimpanra.de
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Softebuan ¥ zum Kalibierscoeir wam 201E-34-2% ﬁ‘& _'_M‘ﬁ Ok
Page & of § of calibiration certificete of o s 11142.01-00
Malericlprifungsomt Hordrbzin-WesHalen
HEuskes UEERWSG O SERTINLOERE 201E 04

Cobir : 730 204_005d_ 22 04 14.d=c

Force 2

Mlesstrereich f meosuring range; 28500 kN Zug [ tension

Kalibrierdatum / dote af colitreiion: 2018-04-10
Temperatur [ temperanse; [19.8+0,6) "
weitere Anganch ¢ additional details: Force 3
erginzende Messreite £ ]
Hauptrelhen / main test series | additional test series
F: _F r q I b | oo '} il W1
Maschinen-| richtige |Bullésung| Anzeige- Wbedefhc-l-!u mkehr-| Anzeige-  \Wiederhaol- hAessun-
anzeige Kraft abweichung| prizlsion  spanne |abwelchung| prézision sieherheit
maching  mensured resolution|  display repeoto-  reversal|  displow repeata- uricertainty af
display tforce dewirtion bility sty | deviotion hility messurament
kn kN kM ] % * % kS kS
200 04l | L0 0,20 0,38 - 0,41
400 306,60 1.0 0,86 0,36 0,23
S04 485,97 1.0 0,81 Q.27 ! 1,23 1
800 | ¥9315 | 10 0,86 021 - - - a1
1900 139243 | 10 054 | 008 ; : . 0,14 |
2000 169492 1,0 1,25 05 3 £ 2,13
o0 | 198427 | L0 0,29 0,08 : i - [ 0,13
| 4000 | ap01s0 | L0 00 006 | - 0,13
8000 | 200D 39 1,0 0,12 0,3 - o1z
OO0 |17009,28 1.0 0,08 0,02 E!',li |
| 16000 1600434 1.0 008 g2 3 _ 012 '
20000 |20001,25 1,0 -0,01 0,01 - - - 0,24 _{

7. Maessunsicherheit / uncertainty of measurement

Angegebien Ist die erweiterte Messunsicherheil, die sich aus der standardmessensicherbeit dureh Multiptization mit derm
Erweltenshigslaktor k = 2 ergibt, Sle wurde gemdt DAKKS-DKD-3 unter Bericksichtigung von BIN EN 150 7500-1 Anh ang C
eifttelt, Der Wert der MessgraBe lingt mit siner Wahrschelolichkeit von 95 % im zugesrdneten Wertsinteryall, / The
mensurement uncertainty that is stoted results from the stondord uncertminty multiplied by the oo verane factor k= 2. It
was colculated aocording to DAKES-DKD-3 in cansideration of o EM 156 750041 Annex ©. The vilye af the megsirang llps
with @ prabability of 85 % within the nssigned rarge of values.

tarshruchstrafie DA6 - 4287 Dormmund

Talafar (02 31] 45 02-292

Tooafax (02 31) 45 02-10433

E-RIE Kallbrierung@impanng.da
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Aeile 7 von & rum Kahibrlersc wain wem 20180423 @3& ! i "'a O-K-
Page 7ef & ofenfibramion certificote of " ® &Y [11142.010m

Materinlpridungeomt Nerdrheln WesHalen
PRUFEMN UHBERWACIHIEH ZERTIFIZIEREN 2018~

LRl o Q0T W S0 SIDL ST a9 3o

. Konfarmitdtsaussage / conformance stotement

Gie Priifmaschine entspricht DIN EN IS0 7500-1:2016-05 und wurde wie folgt sugeerdnet: / The testing machine fulfils
the requirements af DIy EN 150 7500-1;2016-05 ond was classified o follows;

Krafl- o bl Klasse / chass Bemerkungen /
IWlesshereich from ta ahme Berksichlisung mit Berbicksichtlgung ner remanie
der Messunsicherhe: Ikessnsicherheil” | witl
ioad measuring Adthout considering the coinidering the
range MBS LSTEL snrertainty | mensuremend ianetain u
nur aufsteigende

ZRSDORMZUB S| 5o v 20000 kh 1 1 Profiifte fonly

tension mscending Lest

leads |

" unter Dericksichtigung des Beoiblatts & |:|clr NIMFR 57 5001 /i considersion of rupplemeniory shaet A ol GIN EN 150 7401 2

Bemerkungen f remarks:
Die Pritmaschine ist nur fir aufstelgende Prilkritte kalioriert. [ The testing machine is oy colitnaoted for ascending lest
logds.

g, Hinweise f references

Mach BN 51320 ist eine erneute Kallbrierang criordarlich .nach jeder Meuaufstellung {bei ortsgebundenan miaschinen),
bei mutmaklichen Yerdnd erungen in der Beanspruchungseinrichtung, Yerform urigs-, Arbeits- oder Kraftmesseitithtung,
anschlieftend an jede fnderung, Erglinzung oder Oberholung, dle die Wirkungsweise der Prifmaschine bBoeinflussen
kann®. Der Kallarierschein darf nur vollstndig verdffentlicht werden, Die auszugsweise Veriffentlichung bedarf der
vorharigen Genehmigung des MPA MRW und der DAKKS, Dieses Dokument wurde urspringllch In deutscher Sprache
erstellt, Im Zweilel gilt die deutsche Fassung, [ According io DIN 53220 o re-veriflcotlon becormes due after eoch re-
setling up fof localtized machines), v case of presumed changes of the fogd set-up, mechonism, deformation, wark or
force measuring instrument, wfter each change, oddition or puerhouling, whivh can affect the impact of the test
equipment, This verlficornion report may be published completely oply, publicalion in extracts requires the Pricr permission
of the MPA NRW ond the DAKKS. This document was driginally written in German, in cases of doutl Lhe Germar version
shall prevail,

Die Deutsche Akkreditierungsslelle GmeH ist Unterzeichner der mwllilateralen Oberelnkemmen der European co-
aperation for Accreditation {EA} und der International Laboralory Accreditation Coaperatlan (ILAC) zur pegenseitigen
Anerkennung der Kalibrierscheine. Die weiteren Unteizelehner innerhalb und auBerhall Curopas sind den Intermetselten
von EA [www.european-accreditation.org) und ILAC (weowilac.orgl zu enthehmen. [ The DAkES fr signateary Lo e
rmultiiotere! agreements of the Europesn co-operotion for Accreditation (EA) ond of the Interpatlonns! Laborstony
Accreditation Coogertion {ILAC for the mutual recognition of calibration certificates. The ether signatories in Europe ond
beypand can be found ol the websites of B4 feww. suropean-geereditation.ong) and WAL fweew. e org).

hfursbiruchstrale 286 - 04287 Dosrund - Telefon o0 31045 02 933 - relefas (A2 30 4502-1431 - E-Mail: kalbrierung@mpanrs.de
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TH-L G NS STUL_E T4 DA

O-K-
11142-01-00

2018-04

10. Verwendete Mess- und Hilfseinrichtungen [ utilized measuring and ouxiliory

devices

Dle verwendelen Messeinnchtungsn sind auf dic nativnalen Naormale riickgefithrt, / The wtilized meosuring egquipment

has a certified traceability ta notiona! standards.

| Bezeichnung  designatinn [ -mr. [ identification nimber

| Bemerkungen j’reman_cs

25-mN-Tugkraltimessstab / | K126/ K 7186
25 MK tension foree measuring rod

Messverstirker MGCplus mit ML 33 f K 5417, K 5418; K 541%; K 5420
carrier frequency ampliffer with ML 38 |

| Thermometer ! thermometar | K771

Endr ges kzbibrierscheing ¢ End of lhe cafibrotiar certfoete

Marsbrucnstralle 186 - 4247 Dorbmord - Telefon (02 31) 45 02-333 - Telatas (02 1) 45 02 1004393 - E-Mall: kalbrirungi@mpanra, de
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About DNV

DNV is the independent expert in risk management and assurance, operating in more than 100 countries. Through its
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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 Used onboard trawler from March 2020 until
wire rope 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
131.
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2 INTRODUCTION

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 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 incident occurred while the trawling system was not in use, however the weight of the system was supported by the
quick release system.

2.1 Background

The principle of the quick release system is to release the trawl gear in an emergency, should the trawl gear cause the
fishing vessel to become unstable. To achieve this, the trawl warp (a single wire that is attached to the towing bridle) is
passed through a snatch block (or towing block), see an example of a similar system in Figure 2-1.

Derrick head

Figure 2-1 Examples of quick release system similar to the one that failed. Image supplied by the client.

The snatch block is suspended using a shackle on a chain that passes over a pin welded between cheek plates fitted to
the derrick head. This chain failed.

The loading caused by towing the trawl along the seabed and lifting the trawl clear of the water is transmitted fully
through the chain forming part of the quick release system. The Working Load Limit of the system is 8.4 tonnes.

The head of the derrick which supports the quick release chain has a limited degree of rotational freedom (ca. 60°)
around the derrick allowing the lead of the snatch block and chain to move towards the load.

Similar systems are found on both sides of the vessel, and parts from both systems have been received for testing.
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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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An overview of the received parts is given in Table 3-1. The part ID’s are given by the client.

DNV
3 BASIS FOR WORK

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:

@]

[¢]

Metallographic examination
Chemical analyses
Hardness testing

Estimation of tensile strength

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

DNV — Report No. 2021-5360, Rev. 0 — www.dnv.com
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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.

“ ]
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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 4-3 Sample BJC/3, starboard chain.

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


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

Image courtesy of Det Norske Veritas

DNV

Fracture
surface B

Fracture
surface A

Figure 4-4 Sample BJC/4, part of fractured link, portside chain. The letters A and B is used further for
identification of the two fracture surfaces.

Figure 4-5 Sample BJC/5, part of portside chain, towards trawl.
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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 |Outside length Diameter, Diameter Diameter, non-
[mm] [mm] crown 1 crown 2 weld side
[mm] [mm] [mm]
Part Reference 1 95.7 158.6 31.9/33.3* 31.9/33.1* 33.1
MJA/4 2023 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 31.5/33.0 329
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 31.2/33.1 329
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

IASTM A391M /3/ Max. 102.4 - - Min. 31.04

Results from previous testing /1/

Part BJC/1 [Part of 1 95.0 158.3 31.9/33.1* 31.6/33.0* 329
portside chain, 2 96.1 158.5 31.4/32.9 31.5/32.9 32.8
g?e”e’ﬁvcit;dré% . 3 95.7 158.4 3141327 31.6/32.8 32.9

4 95.2 158.4 31.8/329 31.3/33.0 329
5 96.9 158.4 31.0/33.1* 30.7 / 33.0* 32.8

Part BJC/2 |Unused 1 95.2 158.5 31.8/33.1* 32.1/33.0* 33.0
section of 2 95.4 158.3 31.8/33.2 31.6/33.3 33.1
chain 3 947 158.3 31.9/33.3 32.1/333 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 1 95.1 158.9 31.6/33.1* 31.4/33.2* 329
chain 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 30.9/331 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, 6 - - 31.6/33.2 - -
portside chain

Part BJC/5 |Part of 7 96.6 158.2 31.3/33.0* 31.4/33.0* 32.8
portside chain, 8 99.4 158.5 31.0/32.9 28.2/33.3 32.8
fowards trawl 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.
DNV — Report No. 2023-5163, Rev. 0 — www.dnv.com Page 9
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Figure 3-7
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Figure 3-8 Measured outer length plotted versus link number for all examined chain segments.
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Measured inner 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.
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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.

Chemical composition [wt%]

Sample 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 3119 0211 | 0216 Jggg 0.0154 |0.0064 | 0567 | 0.510 - - 0.0281
Requirements according to relevant standards
NS-EN ISO Max. Max.

818-2 /2/ 0.025 0.025 . . .
(cast)/ | (cast)/ é\_";g; Min. 0.40 é\"{r\,‘) 0'\_"0"2‘5
0.030 0.030
(Check) | (Check)
IASTM A391 Max. Max. Max. Min. Min. 0.40 Min.
3/ 0.35 0.025 0.025 0.40* 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 (d 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 1SO 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 RG6 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 As)) 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 Lo=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.

Original Yield . Elongation Elongation .
§ample gauge strength, Tensile Lo = 50 mm [%] Lo =32 mm [%] Contraction
Sample |diameter strength, Fracture
mm) [ length | Reoz g ivpal | Lo (A | L A | 9 |z

Lo [mm] | [MPa]* [mm] SL21 ] Imm] ¢ [mm] °
MJA/4, 10.00 50 1190 1260 |56.03 | 11.0 - 16.5 - 59 | Cupand
link 1 cone
Results from previous testing /1/
BJC/1 —
link 4 . Cup and
Portside 9.92 50 1328 1341 55.67 11.5 37.36 17 6.30 59 cone
chain
BJC/2 Cub and
Unused, 9.94 32 1403* 1406 NA NA 36.26 13.5 6.69 56 ane
ref. chain
Minimum requirement for mooring chain according to DNV-OS-E302 /5/
Grade . Min. .
R6 - - Min. 900 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/mm?2. 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.

Surface 1

Y, radius 1

Y radius 2

Surface 2

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 Y. radius 1 Mid Y2 radius 2 Surface 2
[HV10] [HV10] [HV10] [HV10] [HV10]
MJA/4, link 1, 392 410
Reference 2023 395 408-415-412 402-404-414 407-417-413 402
392 404
Test certificate from manufacturer
H52-8 3/19 | - | - | - | - [ -
Results from previous testing /1/
Link 1-5, Portside 415 420
chain 421 435-437-438 522*-438-419 424-415-411 420
426 417
Link 2-9, Unused 419 434
reference 418 443-443-431 423-420-394 443-448-449 432
422 429
Link 3-1, Starboard 424 431
chain 422 410-419-413 448-420-459 451-452-449 426
425 420
Link 5-10, Portside 424 409
chain 428 444-445-448 420-401-416 443-444-447 409
438 420
Fractured, Portside 417 421
chain 425 436-434-434 420-417-417 429-437-433 428
422 421
Average, Average, core | Total average Tensile Brinell
surface [HV1 ’o] [HV10] strength hardness
[HV10] [MPa] [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 420 438 431 1344 425
chain
Link 2-9, Unused 426 433 430 1341 424
reference
Link 3-1, Starboard 425 436 431 1344 425
chain
Link 5-10, Portside 421 434 429 1338 423
chain
Fractured, Portside 422 429 426 1329 420
chain

* 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.

DNV — Report No. 2023-5163, Rev. 0 — www.dnv.com Page 17


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

Image courtesy of Det Norske Veritas

DNV

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 @32 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

nr.

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 I1SO 818-2 /2/ 1290 kN -
IASTM A391 /3/ 1288 kN -
Certificate
Result 1480 kN -
Requirement 1290 kN -
Results from previous testing /1/
Part BJC/3, starboard used chain 223 kN Three fractures of link 4, all in cracks

(including several links with crack-like indications) 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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oo Break Load Testing of Chain, 2023-02-08

DNV project no : 10299927
Customer : Marine Accident
Investigation Branch

Test Date: 2023-02-08
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Figure 3-16 Part MJA/4: Tension versus total elongation for break load testing.

DNV — Report No. 2023-5163, Rev. 0 — www.dnv.com Page 21


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

Image courtesy of Det Norske Veritas

DNV

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 3-26 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.
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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.

DNV — Report No. 2023-5163, Rev. 0 — www.dnv.com Page 32


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

Image courtesy of Det Norske Veritas

DNV
4 DISCUSSION

41 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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Chain certificate
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DNV

MAGNETPULVER RAPPORT
MAGNETIC PARTICLE REPORT

(OCEANEERING)

Kunde PO/Customer PO Vart prosjektor./Our project no, Rapportnr / Report no Rev
1822489 0000223300/B003 1160666 1
Kunde/Client Antall vedlegg/Appendixes Testdato/Date of test

DNV GL AS 2 2023-01-30

AdressefAddress Prosedyre/Procedurs Alksept standard/Accept std.
Veritasveien 1 MNS-EN ISD 17638: 2016 Mo indications

Postaddresse [ Postal addrass Omfang/Extent Resultat/Result

1363 Hovik 100%: Akseptert/Accepted
Kontakiperson/Supervisor Usstyr/Equipment Materiale/Material
I Bycotest 101 / Yoke cs

Undersokelsested/Test site
DNV Marinegholmen

Tegning nr./Drawirg No.

Inspeksion av/Inspection of
MIA/4 32 mm 8 chainlinks

Overflate/Surface SveisemetodeWelding proc. Fugetype/ Joint Varmebehandlet/Heat treated
Coated m— m— m—
Feltstyrke/Field strength Feltindikator/Fleld indicator Kontrastmaling/Contrast paint |Magnetisert for/Magnatized for
2,3-4,5 kA m Castrolstrips Type II - Longetdinal / Transverse
Spole/Coil: 0 Yoke: o Annen/Other: 0
Type: Tyé: Magnaflux Y&

5. Max: 150 mm
Stromy/Current: Strom/Current:  AC
Kontrolimiddel/Examination medium Kontrollmiddel/Examination medium
vit/Wwet: [ TarrfDry: [ ] Svart/Black: m| Fluoriserende/Fluorescent: [

Anmerkninger/Comments
Extent of Inspection:

Coating below 50p.

100% Fluorescent magnetic particle inspection of 8 no of chainlinks.

Resultat/Results

Accepted
Dato/Date  Operator/Operator Dato/Date port approved
2023-02-02 [ 2023-02-02

Doeaneon ng Asset Inbegrity AS - Sancslimarka 61-83, N-525%4 Sanadsi

Ted:

PV DL | D LEem

¢ 47 56 31 60 00, KNG 5 591 095 MYA

Ry pawitl &F Lhes document may B reproduced e iy Farm, in decirors relrieval system of slherwise, wilhoul the s wilten penmession of the pablisker. Material contsined
herein i retired for membors of Oceaneering and therefong i rot 10 be Gaubed, dbed or dhawn extirraly b6 Ooeaneoniag without thsr writhen penmidsan
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DNV

7 2

—— NE@RDTEST ude

Bl EN ISO 9712 Q
NDT LEVEL 2 CERTIFICATE :

Test method: Magnetic Particle Testing

. Number: 8884-N2-M
2019-10-03

Date of issue:
Valid lrom: 2022-05-01

Date of birth;
1976-04-07 Date of expiry: 2024-10-02

Fullfils the reguire ments
| according to the directives
I 2014SGE/EY respectively 2010/35/EW
PED/TPED

The ceriilicate holder [ullills all requirements of EN 150 9712 and NORDTEST DOC GEN 010,

Industrial sector: 1Pz comprising sectors o, [ w, 1, wp

Supplemental sector: Nane

Limitations: Na limitations

Remarks:

Imitial certification body:
FORCE Technology Sorway Cenification

Per-Arvid Lid

2022-05-06
Dupitally sigred oy Par-Anc Lid
P o
S ol D sl

FORCE Technology Norway Certification

The clectronic version of the cenificate, saved in FORCE Cent NDT Onling, is the newest verston and is delined origimal. The digial
signamure can be validated e.g. in Adobe Acrobat Reader, and the stans of the cenificate can be validated on FORCE Cert NDT Online.

\ FORCE Tech. Cerificution - Midivimnsveien 79 - 4628 KRISTIANSAND 5 - Norway - Phone: +47 64 00 35 00 - E<mnnil: ndisert ":lm:.nl:/i

DNY - Report Mo. 2023-5163, Rev. 0 — wwwodnv.com
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DNV

Operaling authorization by employer:

Number: 8884-N2-M

Oceaneering Asset Integrity AS

Sandslimarka 185, SR868 Bergen, Norway

N-007

2022-10-02

Arhanzed orearsTarplare fratme saze

Anthonzed o maraTopioye: pred |otyas

The electronic version of the certificate, saved in FORCE Cert NDT Online, is the newest version and is defined original. The digital
signature can be validated e.g. in Adobe Acrobat Reader, and the status of the certificate can be validated on FORCE Cert NDT Online.

FORCE Tech. Certilicalion - Mjavammsveien 79 - 4628 KRISTIANSAND 8 - Norway - Phone

DNV — Report No. 2023-5163, Rev. 0 — www.dnv.com

: 47 64 00 35 00 - E-mail: ndisert{@ foree no
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DNV

D-LAB

DEGERFORS LABORATORIUM AB

Ordemr / Orderno
Provningsresultat / Test Results:
g DL-75584
Bestallare / Chient
DNV GLAS
Adress / Address
P.O. Box 300,0rg. ID No: 945748931MVA, NO-1322 HOVIK
Er bestalining / Your order No .nnkcmslmg { Sample Registration Datg Utsknfisdatum / Date of issue oL
1822035 2023-01-30 2023-01-30 726874
Provbeteckning | Sample identity
Steel sample
Noteringar / Noles
Resultat/ Matosékerhet/ Ackrediteral miitomrade Standard metod Diab metod/
Results Uncertainty of measurement  Accredited range of measurcment Standard method  Dlab methed
c 0.221 % 0.009 % 0.0020 - 5.0 % ASTME 1019-18 5 4-058M
Si 0.21% 0.007 % 0.01-4% ASTM E 572-21 54051\
Mn 1.26 % 0.010 % 0.01-15% ASTME 572-21 54-051M
e 0.017 % 0.003 % 0.002-0.05% ASTM E 1088-22 34-057T™M
S 0.004 % 0.001 % 0.0010-0.35% ASTME 1015-18 3 4-058M
Cr 0.56 % 0.008 % 0.01-30% ASTM E 572-21 34-051M
Ni 0.51% 0.01% 0.01-40% ASTME 572-21 54-051M
Mo 0.27 % 0.002 % 001-8% ASTME 572-21 54-051M
Ti 0.003 % 0.003 % 0.003-2% ASTM E 572-21 54-051M
Nb < 0.005 % 2 0.005-2% ASTM E 572-21 54-051M
Cu 0.14 % 0.003 % 0.01-4% ASTM E 572-21 54-051M
Co 0.007 % 0.001 % 0.005-16 % ASTME 572-21 54-051M
N 0.006 % 0.001 % 0.0002 - 0.50 % ASTME 1019-18 5 4-061M
Sn <0.02% b 0.02-01% ASTME 572-21 5.4-051M
W 0.02 % 0.002 % 0.01-17% ASTM E 572-21 54-051M
\ 0.064 % 0.001 % 0.005-4% ASTM E 572-21 54-051M
Al 0.028 % 0.005 % 0.01-03% ASTM E 1086-22 5.4-057M
Ta < 0.002 % ol - ASTM E 1088-22 34-087M
Ca 0.0010 % * = ASTM E 1086-22 54-057M
B 0.0003 % 0.00006 % 0.0002 - 0.005 % ASTM E 1088-22 5.4-057TM
As 0.005 % 0.0006 % 0.001-0.030% ASTM E 1086-22 5.4-057M
Fe 96.66 % ”

* Ej ackrediterad analys / Not accredited analysis

** Ej ackrediterad analys. resultat utanfdr ackrediterat omrade / Not accredited analysis, result outside accreditalion range

The reported uncertainly is based on a standard uncartainty mulliplied by a coverage faclor of k=2. providing a level cf confidence of approximalely 95%
This report may nct be reproduced other than in full, except with the pricr written approval of the issuing laboratory.

Note: The results are only valid for the sample that has been delivered lo the laboratory
We are not responsidle for electronically transferred reports due to changes of data during transmission. Please contact us in doubtiul cases.

DEGERFORS LABORATORIUM

Rapporten dr signerad digitalt/
Laborant The report is digitally signed
Hankgiro: 57354784

Bark: Swedbank, Iegerfors
TBAN: STRARDHIS ] SE298 33744494

Negerfors Laborarormm A} Phone +46 586- 21 63 50 Web: www.degerforsiab.se
Box 54 Email: mnlowddcgertorslab se
SE-693 21 DEGERFORS

DNV — Report No. 2023-5163, Rev. 0 — www.dnv.com
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SWIADECTWO ODBIORU

| Nr Swiadectwa Data
| 1087@/2019(125) 2019-01-17

|
[
| N
ul_Kaspr 132, 01-948 WARSZAWA | INSPECTION CERTIFICATE | Numer potwierdzenia
| ABNAHMEPRUFZEUGNIS | 945163/2018 =*1/%1@
fax 48/22 B354 4 40§52, tx B2-53-51_ | ACCORDING TO PN-EN 10204:2806 |-----------=--==esmmmm===oos
| 3.1, | Wydziat:
| | P20
r_l;l;ywca | | Nabywca (27255@391)
Zamowienie Nr [ |
DHKS/00243/2018/25 [ \
z dnia | | KARBON 2 SPOLKA Z 0.0.
2e18-11-29 | | MODELARSKA 11
| | 48-142 KATOWICE
| | POLSKA
| Niniejszym deklarujemy, e wyréb jest zgodny |
| z normami i innymi dokumentami powotanymi w tresci niniejszego dokumentu. |
Wyréb (NPO) | Stan dostawy (+U ) | Przeznaczenie wyrobu (PWp )
Prety Goracowalcowane Okragie |Surowy +U |do obrébki plastyczne]
Gatunek  23GHNMA#V norma PN-92/H-930828 | Nr wytopu 221071
Wymiary [mm] Fi 33 +9,3/-0,3 Diugos¢ dokiadna: 8,888 [m]
Tolerancja diugosci[+/-]: 200,08 [mm] 9,0 [mm]
waga[kg) 21,560 Wigzki 2 Normy -
Sktad chemiczny wytopu [¥%]
E Mn Si P S cr Ni Cu Mo Al sn
9,23 1,25 e,22 8,015 8,005 0,56 @,51@ 8,14 8,258 @,028 9,809
B A As Sb 0 H N 23
0,0e@030 0,060 9,085 ©,0020 ©,0009 ©,00013 0,089 @,020
23=5+P;

-Wtasnosci mechaniczne/Udarnos zgodnie z PN-91/H-84318 / PN-EN 19045-1

Kierunek Re [MPa] Rm [MPa] A5 [%] Z[%] KV 7] Temperatura pomiaru udarnosci
L 1le4s 1186 12,0 58,8 42,8- 41,0- 41,0 20,8°C
Obrédbka_cieplna_probek_({+QT)
Hartow.1 Odpusz.l
899 °C w 47@ °C p
-Udarnos¢ w temperaturze -29,8 °C zgodnie z ISO 148-1
Kierunek
L Kv 1] = 10,0 - 13,86 - 18,0
Obrébka_cieplna_prébek_(+QT)
Hartow.1 Odpusz.l
890 °Cw 470 °C p
-Hartownos¢ Jominy HRC w mm zgodnie z PN-79/H-@4482
Odlegtosci: 1,5 3,0 5,0 7,0 9,0 11,0 13,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0 58,@
Wartosci.. 49,8 48,5 47,5 47,5 46,8 43,5 48,0 37,5 34,0 32,0 38,0 28,5 28,5 28,5 28,8

powierzchnia zgodnie z EN ISO 6586-1
HB = 270,80 - 272,8
-Wielkos¢ ziarna austenitu 7+ 8 zgodnie z PN-84/H-B45@7
-Wtracenie niemetaliczne K -0- zgodnie z DIN 58682
K3 = 2,0

zgodnie z PN-57/H-845@1

DNV - Report No. 2023-5163, Rev. 0 — www.dnv.com

1IIr/1 Iv/1 v/2 NIf1 VII/1 VIII/ 1

-Odwgglenie @,20[mm] zgodnie z PN-75/H-04506

Corresponds to grade 23MnNiCrMo52 DIN 17115

Badanie wad powierzchniowych 18@%

Spectrotest 1ee% - OK

Wady powierzchniowe max @,3mm

Stopien przerobu 29.95
s=szs===sssssssssss=sssszzooosss = s=zzzz======= = = m=sss=s====
Odpowiedzialny: IKNG—_— kierownik mge inz. &. [ N REEEE

2019-01-30 19:44:32 ArcelorMittal /1
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DNV

KALIBRERINGSBEVIS
— Certificate of calibration
DNV
Certificate No.: CALDNV-0059-A/2022
Side/Page: 5 aviofr 6
Cal.Date:  Ormen Lange MessTek. Load cell HBM 3,2 MN "B".
26042022  S.no.: 011201 . Sense:=-335 Offset=-13
Calibrated range: 2000 kN Tension Temp. 175 C Software: Y211104a
Reference: 2xSensotec1000kN tension
Force rel. 0 Force rel. 0 Relative Relative Relative
on calibrated on calibration Indication Repeatability Uncertainty
equipment normal Error Error U, k=2
kN kN e % of applied force =~ - —
i 100 T 9867 T 14 031 T075
[ 200 " 197,50 13 " 026 " 065
L r r Lg r
400 397.03 0.75 0.25 0.61
il 600 " 5969 " 052 " 019 T 054
" 800 ¥ 7974 " 033 " 015 GO 1%
L& L4 r r r
1000 9972 0,28 0.20 0,57
1200 1196.6 028 0.15 0.53
1400 1396.7 0,24 0.13 0.53
1600 1596.5 0,22 0,082 0,50
2000 1996.6 0.17 0,010 0.43
Mean of zero errors after load cvcles (kN): 0,00
Largest relative resolution (%): 0,10
Largest relative zero error after load cycles. (% of force range): 04,00
Class assignments for the range: EN ISO 7500-1-Class = 2. DNVGL CALDNV-Class = 2.
I e | dication error (%) —— ReEpeatabilty srror (%) —r— ot damty U, k=2 (%) j
16
1.4 1
_pl= -
§ 1 \ el
S o 5
E 0,3 \\:‘S_‘!\h""\‘_.\*\i
g - i S —
¢ 02 %
0 - - - =
0 500 1000 Force (kN) 1500 2000 2500

This certificate of calibration may not be reproduced other than in _full.

Bevisets utstedelsesdato/Date of isvwe:

27. apr. 2022
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DNV

KALIBRERINGSBEVIS
Certificate of calibration
DNV
Certificate No.. CALDNV-0659-A,2022
Side/Page: 4 aviof: 6
Appendix.
Cal.Date: ~ Ormen Lange MessTek. Load cell HBM 3,2 MN "A".
26.042022  S.no.: 011201 . Sense:=-335 Offset=-6,6
Calibrated range: 2000 kN Tension Temp. 175 C Software: Y211104a
Reference: 2xSensotec1000kN tension
Force rel. 0 Force rel. 0 Relative Relative Relative
on calibrated on calibration Indication Repeatability Uncertainty
equipment normal Error Error U, k=2
kN kN ] ——————————— % of applied force e
100 " 100,70 " -0,69 T 049 10
4 r r r r
200 201,70 -0.84 0,00 0.47
i 400 " 4027 " o067 " 0,049 " pas
i 600 " 6027 " 045 " 0,066 " 044
i 800 " 803.8 " 048 " 0050 " 043
" 1000 " 10042 " 042 " 61 " 048
" 1200 " 12045 Y037 " 0,083 " 048
" 1400 14045 " 032 " 0,035 " 048
[ 1600 " 16034 "021 " 0,056 " 048
" 2000 T 20025 ¥ w0as " 10,0050 o043
Largest relative resolution (%): " 0,10
Class assignments for the range: EN ISO 7500-1-Class = 2. DNVGL CALDNV-Class = 1.
e 1 lication armor i) —p Fe peaintiity emvor (%) e Ry U, R 2 (%)
15
",
i‘i 05 1 —— i = i —&
[+]
o 0 ® s - :Q_——.—"'-_.L__"‘—— £ - -
a
g .05 s S M
o El\D"’D/
-1 - . - -
0 500 1000 oo (kN) 1500 2000 2500

This certificate of calibration may not be reproduced other than in full.  Bevisets wstedelsesdatorDate of issue:

27. apr. 2022
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DNV

KALIBRERINGSBEVIS
Certificate of calibration

Certificate No.: CALDNV-0659-A/2022

DNV

Side/Page: 3 aviof: 6

e Variations of the repcated measurements at the same force level.

The expanded relative measurcment uncertainty, U, is shown for each load step in the column
“Relative uncertainty U, k=2", It is reasonable to assume that for each load step, the force indicated on
the machine, subtracted the shown relative indication error, with 95% probability, will not deviate
more from the true force than the stated relative uncertainty. This provided that the machine has not
changed since the calibration and is operated the same way and under the same conditions as during
the calibration.

Calibration environment
The temperature is given in the result table for each calibrated range.

Range classification and detailed results

Machine range data Machine range class assignment
Range Scale division Range Largest relative ISO/DNV
resolution (%) class
2000kN Tension A 0,1 kN 100 - 2000 kN 0,1 2/ 1
2000kN Tension B 0,1 kN 100 - 2000 kN 0,1 27 2
2000kN Tension B 0,1 kN 400 - 2000 kN 0,025 24 1

Calibration results
The result tables and crror diagrams are shown for each calibrated range on the next pages. The error
calculation methods and the maximum permissible errors for each machine class are shown in the

This certificate of calibration may not be reproduced other than in full.  Bevisets utstedelsesdato/Date of issue:
27, apr. 2022
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DNV

KALIBRERINGSBEVIS
Certificate of calibration
DNV
Certificate No.: CALDNV-0659-A/2022
Side/Page: 2 avief: 6
Traceability

The force reference normal was calibrated at RL.SE, Bords, with traceability to mass and gravitational
acceleration. Bridge amplifiers were calibrated at HBM GmbH, Darmstadt, under DKD-accreditation.

Calibration method

The calibration was carried out according to DNV GLs Operating procedure: OP-O-NP-5-CAL011-04
KALIBRERING AV PROVEMASKINER FOR STREKK- ELLER TRYKKBELASTNING
(Calibration of testing machines for tension- and/or compression force) which embraces EN ISO 7500-
1. The force reference normal was loaded by the calibrated machine in series with its force measuring
device.

Adjustments

The machine was adjusted by a linearization table based on an initial load cycle taken in 2109,
Deviation from said procedure: The table values are not analysed and reported. This might reduce the
indication error but not the uncertainty.

Correction | Correction
table table
kN kN "A" kN "B"
0 0 0

200 200 - 19
400 399 394
600 598 593
800 796 791
1000 995 990
1200 1194 1189
1400 1393 1388
1600 1592 1588
1800 1791 1787
2000 1989 1986
2600 2586 2584
3200 - 3182

Special calibration conditions
e Increasing load only

Calibration uncertainty

The measurement uncertainty has been calculated for cach load step according to the document EA-
4/02 and includes:

Uncertainty of the force reference, including long and short term effects.

Uncertainty due to temperature variations,

Uncertainty of the force reference indicator.

Uncertainty of the calibration method.

Measurement resolution of the calibrated machine,

This certificate of calibration may not be reproduced other than in full.  Bevisets uistedelsesdato/ Date of isste:
27. apr. 2022
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DNV

DNV

KALIBRERINGSBEVIS 5% o

Certificate of calibration

Nr./No.: CALDNV-0659-A/2022

DNV AS

Section: Materials Lab - Oslo (E-NQ-TM). Side/Page: 1 of 6
Mileprotokoll/Ref. to records:
Delivery address: Veritasveien 1, 1363 Hovik, Norway 10049994-2
Postal address: P. O. Box 300, 1323 Havik, Norway.

Phone : +47 67579900
Dag og sted for kalibrering/Date and place of calibrations:

26 April 2022 on the Client’s premises

Bevisets utstedelsesdato/Date of issue:

27. apr. 2022

Ansvarlig/ Responsible: Funksjon / Function
Digitally skgned by [N
Date: 2022.04.28 105152
_ e

CALIBRATION OF TENSILE TESTING MACHINE

Kalibrering utfirt av/Califati

Client

DNV- Bergen
Damsgardsveien 111
5058 BERGEN

Equipment Calibrated and its Identification

Ormen Lange

Manufacturer : MessTek

Model : Load cell HBM 3,2 MN
Serial No. : 106405 / Load cell: 011201
Rated capacity : 3200 kN

Year of manufacture ;

: MessTek, Dyn. Reg Version 7.4
Sensor files: Load cell HBM 3 2MN * 011201 _2019.trd

Force indicator system

Reference instruments used

Description Capacity ~ Make Type Serial nr
Load cell 1000kN Sensotec RM/2698 76466
Load cell 1000kN Sensotec RM/2698 76467
Bridge amplifier +2-5 mV/V HBM GmbH | MX238B | 0009E5017800

This certificate of calibration may not be reproduced other than in full.
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APPENDIX
CALCULATION OF ERRORS

The errors shown in the table(s) are calculated from 3 force applications with increasing loads:

Indication error (q): Relative repeatability error (b):
== Fr g _9,+9,+9,) - S
g, i x 100 q 3 b D oee ™ Druin
wherc
q = The I-th measurement of the relative indication error of the force-measuring
I I = indicate load series number
Fi = force reading on the indicator on the testing machine
F = arithmetic mean value of the force read on the force reference.
Fros = highest force read on the force reference.
Fuoiw = lowest force read on the force reference.
NOTE:

A negalive q means that the indicator on the machine shows teo low value
A positive g means that the indicator on the machine shows too high value

TESTING MACHINE CLASS ACCORDING TC EN ISO 7500-1
An additional requirement to the below table is that the assigned machine class can not be better than
the class assigned to the reference load cell during its last calibration.

Maximum permissible error, %
Class of Indication Repeatability Reversibility! Zero Relative
Machine resolution
q b vV f(] a
0,5 0,5 0,5 +0,75 +0,05 0,25
1 £1,0 1,0 +1,5 +0,1 0,5
2 20 2,0 =30 +02 1,0
3 +£3,0 3,0 +4.5 +0,3 1,5

3} The verification of reversibility shall only be carried out on request (se¢ 6.4.8 EN ISO 7500-1)

TESTING MACHINE CLASS ACCORDING TO DNV GL CALDNV

In this alternative to the EN ISO 7500-1 class assignment, the indication error, g, is increased by the
relative expanded uncertainty in the applied force, Uy k=2, while the class assigned to the reference
load cell is not considered. This alternative indication error is calculated as g’ = v( ¢*+U#). The class is
then determined according to the above table using q instead of q. As the Up also includes
uncertainties for the reference load cell during the last and previous calibrations, temperature effects
and the indicating instrument, DNV GL regards this as a more adequate way of determining the
indication error.

- 000 —

This certificate of calibration may not be reproduced other than in full.  Bevisets wistedelsesdatolDate of issue:
27, apr. 2022
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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.


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

Annex D

MAIB Safety Bulletin SB1/2024 — Honeybourne Il



N A 1L E3 SAFETY BULLETIN

MARINE ACCIDENT INVESTIGATION BRANCH

SB1/2024 FEBRUARY 2024

Extracts from

The United Kingdom
Merchant Shipping
(Accident Reporting and
Investigation) Regulations .. . . .
2012 Regulation 5: Fatal injury to a deckhand following a chain failure
“The sole objective of a safety
investigation into an accident
under these Regulations

shall be the prevention of on the Scallop dredger
future accidents through the
ascertainment of its causes

and circumstances. It shall Honeybourne I” (PD905)
not be the purpose of such

e o taemine | approximately 16 nautical miles south of Newhaven, England
as is necessary to ach'ieve
e o on 6 October 2023

Regulation 16(1):

“The Chief Inspector

may at any time make
recommendations as to how
future accidents may be
prevented.”

Press Enquiries:
+44 (0)1932 440015

Out of hours:
+44 (0)20 7944 4292

Public Enquiries:
+44 (0)300 330 3000

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




MAIB SAFETY BULLETIN 1/2024

This document, containing safety lessons, has been produced for marine safety purposes only,
on the basis of information available to date.

The Merchant Shipping (Accident Reporting and Investigation) Regulations 2012 provide for the
Chief Inspector of Marine Accidents to make recommendations at any time during the course of
an investigation if, in his opinion, it is necessary or desirable to do so.

The Marine Accident Investigation Branch is carrying out an investigation into the fatal injury to a
deckhand following the failure of a chain on the scallop dredger Honeybourne Il (PD905).

The MAIB will publish a full report on completion of the investigation.

'{Lac.\;fpfz_/é(

Captain Andrew Moll OBE
Chief Inspector of Marine Accidents

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 not be admissible in any judicial
proceedings whose purpose, or one of whose purposes, is to apportion liability or blame.

This bulletin is also available on our website: www.gov.uk/maib
Press Enquiries: 01932 440015 Out of hours: 020 7944 4292
Public Enquiries: 0300 330 3000



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 Il
(PD905) fell to the deck without warning. The gear struck a deckhand working below, causing
serious head injuries.

The crew of Honeybourne Il 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.

Static pin

-

%

A |
.

: ]
Figure 1: Honeybourne Il derrick
arrangement (starboard side shown)

Starboard derrick

Dredge gear

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 ’;igure 2: Failed chai ”n 0 -
gear (Figure 3). Honeybourne Il




Figure 3: Identified chain defects in static pin arrangements

In February 2021, the failure of a similar chain to that which failed on board Honeybourne Il
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 20" 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:

e 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;

e 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;

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

e 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
Regulations?;

e 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 (Sl
1997/2962). ..

' 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 (S1 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).




...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).

Release | Quick-release chain |

mechanism

il Quick-release = 8
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Figure 4: Quick-‘rel

3

Figur 6: Quick-rele

ease Figure 5: Quick-release

arrangement with derrick head arrangement with derrick head arrangement with
quick-release wire and sheave swinging arm secondary means of gear
retention

SAFETY ISSUES
The initial stages of the investigation have identified that:

e 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.



e 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.

e 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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MAILILB

MARINE ACCIDENT INVESTIGATION BRANCH

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).

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.

Ll W
Figure 1: Quick-release chain
over fixed steel pin

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.

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



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/

For illustrative purposes only: to scale

Image courtesy of Det Norske Veritas

Worn fixed steel pin

Chain link fracture

Chain link

j F|xed steel pin

; . — — ; . — - Approximate 125mm diameter of fixed
f Point loading 150mm diameter of fixed steel pin steel pin after wear and corrosion as found

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

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

SO15 1GH Publication date: June 2025

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.

© Crown copyright, 2025

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.
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