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Hello everyone, we are at the 55th lecture of this course fracture fatigue and failure of materials.
And today also we will be discussing about a very real-life incident a case study on capsizing

of Alexander L. Kielland. So, let us see what we have in store for this lecture.
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Concepts Covered

¢ Case study: Capsizing of Alexander L. Kielland
+ Accidental investigation
+ Sequence of failure

+ Failurc analysis




We will be basically talking about the capsizing of Alexander L. Kielland. And the accidental
investigation will include a thorough investigation of what actually has happened and the
sequence of failure, how exactly the incident has happened? And of course, we will look into
the failure analysis and what we can understand from there.
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An oil rig is a large offshore platform to extract and process petroleum from hencath the sea floor.

The oil rig may have also facilitics to house the workforce more typically at a separate
accommodation platform linked to the production platform.

Alexander L. Kielland, built on 1976, was a mobilc,
semisubmersible pentagon type platform.

It served as an accommodation platform
i.e. flotel capable of 348 intakes for drilling
platform Edda 2/7 C in the north sea

Alexander L Kielland was serving housing
to 212 workers of Edda 2/7C for nine months
prior to the incident on g7"‘ March 1980

So, let us see, what is there. So, first of all, many of you might be surprised by this name itself,
maybe you are not familiar with the title of this lecture that is Alexander L. Kielland. What is
that? So, that is basically an oil rig? Now, what is an oil rig? Again, many of you may not have
an exact idea of what an oil rig is and how does it perform, what it does? Exactly, so, let us see,
an oil rig is basically a large offshore platform. Typically, it is in most of the cases it is an
offshore platform that is in the sea and the main purpose of the oil rig is to extract and process

petroleum from beneath the seafloor.

Now, in most cases, also the oil rig has the facilities to house the workforce that means the
workers who are working on the oil rig has to stay there in the middle of the sea. So, that needs
a platform in most of the cases, it is a separate platform from the oil rig and it is linked to the
main production platform. So, Alexandre L. Kielland was built in 1976 and it was actually a

mobile submersible pentagon type platform.

So, mobile you can understand that it can move from one place to another and we can place it
at different locations based on the requirement it is semi-submersible, again it is partly under
the sea and partly on top of the sea such that workers can live there and it served as an

accommodation platform. So, basically, this one is not used directly for drilling rather this



serves as an accommodation platform, which is also known as flotel, floating hotel and which
has the capability of having around 348 workers can stay there and it was connected to the

drilling platform.

The name was Edda 2/7 C and the entire thing was positioned in North Sea. You can see the
image here. This is what the Alexandre L. Kielland. Alexandre L. Kielland short form is ALK
and this is what is the Edda? So, workers typically used to stay there. And Alexander L Kielland
was serving housing for around 212 workers for Edda for nine months prior to the incident.
Now by the incident, | mean, the capsizing of Alexander L. Kielland and that happened on the
fateful day of 27th, March 1980. So, again, we have to understand what is capsizing what is
the structure of an oil rig or the platform and what exactly has happened? So, let us dig into the

more details of that.
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To each of the columns A, B, D, E two anchor wires were attached.
Bt ot e O
Column C was not anchored.

I'he AK was anchored close to the drilling platform “Edda 2/7 €™,

Connection between AK and Edda was maintained by a moveable
walkway. E ! N

In bad weather the walkway was lifted on board the AK,
and AK was shifted away from Edda. Q )

This was donc by slackening the anchor wires from
the B and D columns and tightening the anchor
wires from the A and E columns.

So, this Alexandria Kielland as | mentioned, this is a pentagon type platform. So, pentagonal
means it has 5 legs, or actually 5 cylindrical columns. As you can see, these are marked as A,
B, C, D, and E. So, this is a picture of a similar kind of pentagonal platform where you can see
that there are the 5 legs, legs name this as A, B, C, on the other side, D and E.

Now, the each of the columns for the case of Alexandre L. Kielland for the columns A and B
and D and E that means excluding C, two anchor wires were attached to each other. And
column C however, was not anchored. The key was anchored close to the drilling platform

Edda 2/7 C as | mentioned that it is in association with Edda that it worked and the connection



between AK and Edda was maintained by a movable walkway typically the workers use this

walkway for going from AK to Edda and vice versa.

However, in bad weather, especially since these are all positioned at the middle of the sea, they
have to be extra careful about the violent weather that may have happened in the sea. And
during that time, the walkway was lifted on board of the AK and AK was shifted away from
the Edda. So, that they should not be influenced further by the influence of the storm or any

such bad weather because of the presence of Edda.

Now, at the middle of the sea, when there was no obstructions and there is a storm and
suddenly, there is a long tall structure that may actually hinder the movement of the wind and
that may also influence the weather farther. So, that is the reason that typically AK shifted away
from Edda such that at least the worst condition can be avoided. And this was done by
slackening of the anchor wires from B and D columns and tightening the anchor wires of the

A and E columns. So, let us visualize the design to make these things more clear.
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>
Design of Alexander L. Kielland

Each tubular columns was interlinked by robust tubular braces and stabilized upon pontoon bases.

The pontoons were circular and each pontoons supported a column.

So, you can see here the drawing for the Alexander L Kielland and we can see the B, C and D
columns, but A and E are on the other side. So, not visible here in this drawing, but we can
understand that each tubular columns are interlinked by robust tubular braces and stabilized
upon pontoon bases. So, these are the pontoons so, these are the circular bases over which the

columns are standing and each pontoon actually supported the individual columns.
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Pontoons Column

Diameter =22 meter Diameter = 8.5 meter

Length = 8.5 meter Length =27.1 meter

Columns were connected with a set of horizontal
and angular braces made of high-strength steel.

So, this is the structure of the pontoons you can see this is the top view and we can also have
the detailed design of this the pontoons were having a diameter of 22 meter and length of 8.5
meters. So, this diameter is around 22 meter on the other hand, the column has much less a
diameter of 8.5 meter and the length is again very, very high tall so, it is around 27 meter. Each

of these columns are positioned on the pontoons.

Now, columns were connected with a set of horizontal and angular braces, we can see that how
B is connected to A and B is connected to D and likewise E is connected to A and E is connected
to D. But C on the other hand is connected to A and E and these braces are made of very high
strength steel. So, that they can survive whatever is the weight. Typically, the weight of this
entire structure entire platform Alexander L. Kieland is more than 10,000 tons. So, that is quite

a huge structure at the middle of the sea.
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Each column used two anchor lines with a hydrophone system so that platform is properly positioned.

-~ ‘/,ﬂ\ Hydrophones are very important part of an oil rig that is meant to perform the seismic survey
Wi
\

particularly to locate and determine the size of oil pockets.

|
\ 3 / Sensitive hydrophones are capable of recording the sound waves and to predict the
———— possible deposits beneath the sea bed.

Individual hydrophones require housings to protect
them from damage.

i — https://www.ensingerplastics.com/en-in/oil-gas/hydrophone-housing

https://en.wikipedia.org/wiki/Hydrophone

Now in the structure, there is also present a hydrophone. Each column used to anchor lines
with a hydrophone system such that the platform is properly positioned. Again, the question
comes maybe to some of you that what is a hydrophone, how does it work? So, hydrophones
are very important part of an oil rig. So, this is meant to perform the seismic survey and that is
necessary to locate and determine the size of the pockets are the places from which the oil can

be extracted.

So, that needs to be determined. So, hydrophones does the purpose for that. So, these are some
typical hydrophones it could be bi directional or unidirectional and based on the sound waves,
it is capable of locating the positions as well as any other necessary information that are
required. So, sensitive hydrophones are capable of recording the sound waves and from there

from the sound waves itself it can predict the possible deposits beneath the seabed.

And individual hydrophone however required and housing so, that it can be placed within that
hydrophone housing and that can prevent it from damage the entire structure this hydrophone

is typically it stays below the water level so it stays inside the sea.
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In Alexander Kiclland, the hydrophonc used was 325 mm in diameter with a 26 mm wall thickness.

A circular hole was introduced to the underside of the D6 bracing, and the hydrophone, was mounted
into the circular hole by welding using a double fillet weld with a weld throat thickness of 6 mm.

In case of this Alexander L. Kielland that we were discussing, this hydrophone is of the
dimension of 325 millimeter in diameter and wall thickness of 26 millimeter. A circular hole
was introduced to the underside of D6 bracing. So, this is the D and this particular bracing is
numbered as D6 you can see there are other numbers like D4, D3 et cetera. It is connected with
the D column and the hydrophone was mounted into the circular hole by welding. So, in this
D6 it is placed by welding and that typically uses a double fillet with a weld throat thickness

of 6 millimeter.

Now, this is the entire structure and we will see that how the presence of such a small
instrument or such a small location in comparison to the entire structure can be dominant factor
for the entire event. So, this is once again the design of how the hydrophone looks like and

what the structure of the rest of the accessories.
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+ Hydrophone was attached to the tubular brace by using a hole.

* Hole diameter was 3 - § mm larger than that of the hydrophonc.

Diameter of the brace =255 mm

Diamcter of the hydrophone = 325 mm

* The hydrophone was welded at the place with fillet welds by manual arc welding and § mm
covered electrodes.

L

Two passes were made on each side of the brace

L There was no preheating

So, this hydrophone was attached to the tubular brace using a hole which has a diameter which
is more than 3 to 5 millimeters than that for the hydrophone of course the hole has to have a
higher diameter. So, that it can accommodate the hydrophone. The diameter of the hydrophone
is as | mentioned earlier 325 millimeter but diameter of the brace is 255 millimeter.

So, hydrophone has to be just placed there does not need to be of exact diameter as the brace.
So, the hydrophone was welded at this place with fillet welds by manual arc welding and 5
millimeter covered electrodes. So, 2 passes were made on each side of the brace and there was

no preheating that was done.
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Welding clectrodes - ESAB OK 48.30

l

Welds have 30% higher yield strength than base metal

|

Manual fillet welds at braces + fillet weld between the hydrophone fitting and brace D-6

+ The welds were classified into three groupings - based upon the anticipated stress levels in service

+ The welding of hydrophones to the hraces - lowest category

Specifications of weld hased on weldment design, weld quality required Ins[ﬁcﬁon |[|cdthods 4
Radiography 7
Dye penetrant

Magnetic particle



Now, typically the welding electrodes that was used is ESAB OK 48.30. And welds have 30
percent higher yield strength than the base metal that is necessary to maintain the proper
strength of the structure such that the weld should not act as a weak location in terms of
strength. Now, this manual fillet welds addresses plus fillet weld between the hydrophone

fitting and brace D6 these are the entire structure.

The welds typically are classified into 3 groupings based upon the anticipated stress levels in
service and the welding of the hydrophone however, accounts for the lowest category and being
on that category it actually requires inspection. So, regular inspection should be done based on
radiography, dye penetrant method or magnetic particle. So, that we can find out that if there

has been any defect that has formed.
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sign of Alexander L. Kielland

Brown undercoating + black covering paint (“brai epoxy”)
Corrosion protection

(Red covering coat - to protect against fouling on the external surfaces of the bracing)

fouling is growth and development of bio-organisms such as algea, bacteria,
mussles etc. on the surface of the underwater objects. Such fouled regions
act as corrosion pits and initiate cracks under loading

https://cathwell.com/marine-fouling-in-seawater-inlets/

So, the entire structure however, is covered with a brown under coating and on top of that black
covering paint. So, like you can understand that for any kind of structures, we typically give a
coating and one of the main very important purpose of that coating is to protect it from
corrosion. So, similarly, we do brown under coating and over that there is a corrosion resistant
coating and on top of that actually there is a red covering coat and the purpose of that is to

protect the structure from fouling on the external surface of the bracing.

Now, again the question may come to some of you that what is fouling? This is very interesting
fouling is the growth and development of bio-organisms. Remember we are talking about a
structure which is placed inside the sea and see houses several such millions of organisms,

living organisms, and this living organisms such as the algae, bacteria, mussels, et cetera.



Actually, sticks on the surface of the underwater objects. And if it does so, there are some
chemical bleaching out from them as well, which may have some reaction with the metals and
such fouled regions act as the corrosion pits and so far we have understood that whenever there
IS a pit that may act as the crack initiation site under the circumstance of loading.

So, falling is not a much-wanted situation and we often need to protect the surface by using
coating, which is has also been used for the case of Alexander L. Kielland. So, that way a
proper steel has been used, all kinds of design was maintained and corrosion resistant as well

as fouling resistant coatings were applied. So, that way it appeared to be quite safe.
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Owing to the bad weather, Alexander Kielland platform is shifted away from Edda by 1750 hours on 27*" March 1980 \

After 1.5 h, Column brace D-6 failed

Other braces also failed subsequently = Column D break away from AK

Along with two mega impacts/trembling, the platform started to heel
The angle of heeling for the platform stabilized initially at ~ 30-35 °, followed by further heeling till its capsized

Only the wire from column B was the last one holding the platform

The wire from B also broke and the entire superstructure turned floated upside down in less
than an hour ;

Now, let us see what actually happened on that day. Now, on the day of the 27th March 1980,
there was a bad weather. So, there was an indication for storm and Alexander L. Kielland
platform is shifted away from the Edda in the evening at around 5:50 pm. So, as | mentioned,
this predicting that there could be some bad weather they have already removed it and most of
the workers are actually resting on the Alexander | Kielland they were having their relaxation

time watching TV’s and doing other amusement whatever they can do when the close circle.

Now, after 1.5 hours, one of the column braces failed and other braces also failed subsequently.
So, Column D break away from the Alexander L. Kielland. But this was not known however,
to the workers who were staying there, this was just a sequence of events that has happened

and later on found out based on the failure analysis.

So, along with the 2 mega impacts and there was a sudden trembling on which the workers

became aware that something serious might have happened this time it is not just the storm and



the storm was also quite heavy, it was having almost like 70 to 100 miles per hour, the speed
of the wind and the waves were also quite high. And with all this the platform started to heel,

it means that it is getting inclined towards the sea.

Now, this healing continued after around 30 to 35 degree and then for a certain period it kind
of stabilized at there. So, you can understand that kind of feeling by 35 degree is quite

extensive, which means that it has been completely inclined.

And after that, after a certain period it continued healing until it is completely capsized. Only
the wire from column B was the last one holding the platform. So, all the other has already
been broken and the wire from B also broke after some point and the entire superstructure
turned floated upside down in less than an hour. So, that is what is known as capsizing it has

completely turned down.

(Refer Slide Time: 18:08)

So, you can see through the schematics and you can understand how it looked like. So, this is
the original way by which Alexander L. Kielland was standing you can see the columns also
underwater. And then there was some heeling as you can see the water level as well as the
angular degree by which it has been inclined and the ceiling continued and this is initially partly

submerged and finally, it has been completely capsized.

So, you can see that it has turned upside down completely. So, that was and please do note that
this has a weight of more than 10,000 tones. So, capsizing such a huge structure was quite

unseen of at least up to that period.
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https://www.youtube.com
Jwatch?v=KmbLvzPMuRI
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So, here is a small video to demonstrate what has happened? So, you can see the structure,
these are the photos, but in most of the cases, these are the schematics or the simulation of the
actual events. Of course, no photography has been taken during that period. And later on, this
were all clubbed together to understand now this could be the real images, but you can see the

5 legs all upward. But most of the cases these are all simulated thing.
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The incident prompted a post-collapse study of:
* Platform design
* Construction requirements
* Metallurgical examination of the recovered components

Detailed inspection, scheduled every four years was duc on April 1980

The loss of one vertical column — resulting in rig destabilization
Tt resulted the tilting of entive structure and led to inversion and submersion

‘‘‘‘‘

Now, after this incident, of course, this was a very much shocking incident and there was a lot
of casualties actually more than 50 persons died in that incident. So, out of the 212, 123 workers
died, and the dead bodies has been recovered up to 3 years actually the entire structure has been
recovered and 6 dead bodies were recovered from that structure itself stuck in on that. So, that
was quite a shocking incident and those who have survived, if you are interested, you can go
through some YouTube videos and you can read the reviews and you will see that some of the
survivors actually wrote the incident and you can have a better understanding of that, of course,
that has nothing to do with the engineering failure analysis that is the main purpose of the

course. But we still need to understand how much impact can a failure have?

So, of course, such an incident called for the post collapse study, which is the failure analysis
based on the platform design, construction requirement and metallurgical examination of the
recovered components. So, there could be different possibilities, first of all, it people might
have thought that the design is faulty, of course, it is out for several months and years, but that

does not guarantee that there is no mistake in the design itself.

So, that could be one of the reasons. The second thing that should come to you is there they
might have used some bad quality material that may lead to corrosion or that may lead to the
overall failure. So, let us see what actually it is. Basically, there is supposed to be an inspection
every year and there is a detailed inspection every 4 years and one was due on April of that

year 1980 and the incident happened on March 27.

So, you can understand that is quite unfortunate. The loss of one vertical column resulted in rig

destabilization. So, after all the studies has been performed and based on whatever the survivors



has noted, on which side it has heeled and what how exactly it has been seen. The scientists

have realized that one particular vertical column has started in capsizing.

So, that was the first one which got ripped apart and that resulted the tilting of the entire
structure. And of course, if one of the leg is missing, then the load will be provided to the other
legs. If they are not capable of maintaining that load, then certainly there will be failure of those
2.
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Critical failure analysis indicated that it must have initiated at a defective weld bead
in an inserted hydrophone tube

The hydrophone tube was located in a robust brace designated as D-6

l

The fillet weld at the hydrophone fitting - inspected for cracks - dye penetrant method

Showed cvidence of cold bending and welding from both sides of the brace (X-joint)

!

The weld also showed a marked “root defect”

The weld had poor adhesion to the base metal in some places

|

The form of the weld was also unfavourable, with contact angles of upto 90°

So, the critical failure analysis indicated that it must have initiated at a defective well bead in
an inserted hydrophone tube. So, the entire structure has been very thoroughly scrutinized after
the incident to find out that what exactly could be the reason and they have located a defective
weld bead in the hydrophone tube. So, remember, we were talking about the hydrophones and
the how the hydrophone is being placed by welding.

So, that has a huge impact here. The hydrophone tube first located in a robust brace designated
as D 6, we have already seen that and the fillet weld at the hydrophone fitting was inspected
for cracks after the incident using the dye penetrant method and when it has been done to this

nondestructive method.

So, dye penetrant method is a nondestructive method, we cannot typically if such a structure is
already broken, we cannot make specimens out of it rather the entire giant structure has to be
tested to see that whether there are any kind of non-uniformities in the structure and that dye
penetration showed evidence of cold bending and welding from both sides of the brace and

also showed the marked root defect.



Thorough investigation has been done. The weld had poor adhesion to the base metal in some
places the form of the weld was also unfavorable with contact angles of up to 90 degrees. So,
the welding had some problem it has not been properly done, the contact angles were not up to
the requirement, no preheating was done and that led to initiation of some defect.

(Refer Slide Time: 24:09)
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So, here is one another video for you to understand where exactly the defect has started. So,
you can see how the entire structure has been capsized based on a defect at some interior
location. So, these are the 5 legs of the Pentagon structure. Of course, these are all simulated
structure and if we are looking into the underwater part of this, you see at this D 6 bracing, we

can see the small hydrophone locations.

And actually, this part is what has broken apart and you can see this has been recovered later
on you can see the position on the hydrophone and this holes here. And how that has ripped
apart the entire leg, you can see that it is floating here this one is healing down and finally it
laid on the other legs or other columns also broke apart and that led to the entire capsizing of

the structure upside down.

And the waves, of course, that acted as an unfavorable situation further because waves sea
waves are nothing but a source of fatigue loading, it is a repeated alternate cycle that are being
provided continuously. So, whenever we think of any structures, which has to be inside the

seawater level, we also have to worry about the fatigue loading and such condition.

But in this case, at least, they could figure out that what is the starting point from which it has
the crack has initiated and led to the final fracture of course, that is very, very small this location
the size in comparison to the entire superstructure, but still, it is sufficient to lead to the

capsizing of this entire giant structure.
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+ Twao independent fractures were initiated:
I:On(- from an outside fillet weld
One from an inside fillet weld

Fracture markings and striations were weak
* Exact origins of the fractures — difficult to find out <

Details on the fracture surfaces had been ruined by
hammering together of the opposing fracture surfaces

‘The first 200 - 300 mm of the fracture surfaces show the typical markings of fatigue fracture,

1

Crack growth occurred more rapidly in leaps, giving intermittent fracture
marks — when crack length reached to 300 mm

!

The fracture marks were coarse and fibrous - shear lips occurred along the edges

So, in the fracture even what actually has happened sequentially, we can understand is based
on the 2 independent fractures that were initiated one from the outside fillet weld and one from
the inside fillet weld and this has been understood based on the failure analysis of that broken
piece that has been recovered later on.

Exact origin of the fracture is very difficult to find out because the fracture markings and
striations were very weak and this has been recovered after a time gap and within that time
period, it has been removed, it has been completely or partially ruined at some places, because

these were hammering together with the opposing fracture surface.

We have discussed this earlier also the fracture surface needs to be always protected or
preserved such that the signatures of fractures should not be lost and but this was not possible
there this is a natural incident that happened and the broken parts were recovered quite some

time later.

By that time the freshly formed fracture surfaces might have been corroded or oxidized or they
at least have rubbed along with the other fracture surface and that may have removed some of
the very signature fracture surface, but still from the shape of the surface and the location of
the crack we can still figure out that the first 200 to 300 millimeter of the fracture surface

showed typical markings of fatigue fracture.

And crack growth occurred more rapidly in leaps giving intermittent fracture marks, we have
also seen that in case there is a sudden loading condition, how we can determine this from the

fracture surface itself. So, when the crack length reached to 300 millimeters such kind of



intermittent fracture marks were seen. The fracture marks were coarse and fibrous and there

were some amount of shear lips also around the edges.
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Contraction was around 2 -4 %

!

The final break constituted — about 1/3% of the circumference along with chevronlike markings

A portion in the fracture surface in the weld hetween the hydrophone and the brace
~ contained the remains of a coat of paint
— indicates that cracks were present at the time of fabrication

— this paint was present on both the fracture surface of the inside weld and the bracing D-6

* The fillet weld joints showed shallow, flat fractures in and near the fusion
7one, typical tear-off fracturcs, and in part, fractures in the weld itsclf.

So, there was contraction of around 2 to 4 percent and the final break constituted about one
third of the circumference or the entire circular structure that has been recovered. One third
consists of the final fracture regime with chevron like markings. A portion in the fracture
surface in the weld between the hydrophone and the brace that contains the remains of a coat
of paint. Remember, we were talking about the different kinds of coatings that were put there

were some corrosion resistant coating some fouling coating.

And we have seen in the previous video, which although is a simulation, but it still showed a
red colored structure. So, that means that there was some paint on there. So, remains of coat of
paint is recovered from the fracture surface itself. So, the fracture surface showed presence of
paint there. Now, this is very surprising, if you think no fracture has happened internally,

coating has been done on the surface on the top surface.

So, if a coat is a paint is already present on the fracture surface itself this indicates that cracks
were present at the time of fabrication. So, when the coating has been done on the surface
cracks were already existing and that is when the coating might have the paint might have
leached through the crack and entered into that surface. Later on, it has a catastrophe fracture
and we can see the entire fracture surface with a paint on it. So, this paint is supposed to be

present on the fracture surface of the inside weld and the bracing D 6.



Of course, so, that signifies that that defect might be of very small length, but that was present
at the time of fabrication itself even before it was placed on the sea for the functioning as a
housing. So, that means that such kind of defects which can typically be overlooked, that can
also lead to a catastrophic failure. The fillet weld joints, however, showed shallow flat fractures

in a near diffusion zone and typical tear of fractures and in part fractures in the weld itself.

(Refer Slide Time: 31:18)

N

0 Hydrophone Dewatering

— = Break Fatigue crack propagated part way round the
insert and then the brace

Position of the fatigue fracture on
brace D-6, marked in red

Ref: https://link springer.com/article/ 10.1007/s11668-019-00680-4

Schematic representation of the fracture
surface around the hydrophone tube
taken from the accident report

So, you can see here, this were the piece that was recovered and this was actually somewhere
here, where we can see the position of the hydrophone and this hole here. And based on the
studies itself, we can found out that how the fracture surfaces looked like how the markings
were there, and all this has been very, very carefully and critically analyzed to determine the

actual reason for the failure.



So, failure if we completely let go is of no use of course, there was a lot of deaths that happened
and this is a shocking event, but if proper failure analysis has been done, then that can be used
to have the information such that we understand that what is important and what needs to be
avoided, how the inspection should be done, which are the key locations that need to be
monitored very, very carefully. So, all those can be understood at least from search failure

analysis.

(Refer Slide Time: 32:18)

Crack Initiation

¢ 'The formation of the initial cracks could have been due to

Fxcessive thermal strains during welding, and/or it j IAM
/4

Excessively high external loads on the platform, or A{, } ]
p—
Insufficient cracking resistance of the weld metal I

: : Y
Tocal strain level may have heen too high \

¢ Load bearing fillet weld - large failure capacity compared to butt weld

(when fillet weld a-measure = 40 - 70% of the plate thickness)

| For a 26 mm plate, indicates an a-measure of 10— 18 mm
ameasure oT 1016 mm

!

While the nominal a-measure of the weld in question was 6 mm

So, now, the question is that how the crack has initiated, what led the cracking session even at
the time of fabrication itself? Now, this could be because of the excessive thermal strains during
the welding. So, there could be a strain mismatch and that can lead to a formation of a crack.
Excessive high external load on the platform can also be one of the reason or insufficient

cracking resistance of the weld metal.

Now, whenever there is a weld metal versus regular metal that is used for the structure, there
could be some amount of compatibility also that needs to be checked beforehand. And local
strain level at any point may be too high and that can also trigger the formation of the crack.
Load bearing fillet weld has large failure capacity compared to the butt weld, when the fillet

weld, a measure is 40 to 70 percent of the plate thickness.

Now, this is what is the a-measure and that needs to be maintained also. So, all the welds
structure weld material, everything has to be very, very carefully maintained. So, for a 26-
millimeter plate, so, that was what is the weld condition, it indicates a-measure of 10 to 18

millimeter.



However, a measure that was there in this structure is 6 millimeters only. So, almost like one
third one half to one third of whatever is necessary. So, that could be one of the reasons that

can lead to the cracking session at quite some low levels of load.

(Refer Slide Time: 33:57)

Plate Yield Ultimate | Reduction | Charpy
thicknes |  strength tensile | ofarea A, | impact

s (mm) (MPa) strength energy kV
(MPa) 40°C
(Joule)
Last|L Tl #[0LAT
Compositional analysis, wt.% (within limits Patbrm | <40 | Mo | 490-608 | Ma | Mun

3% 3] 32
Member D6 b 3383 506-518 3034 |40
C| Si [M | S P [A| N | B 01381 | S0183 | 2933 |46
Platform Max | Max [1-15 [ Max | Max Max | Tydrophone 20 405 516 30 /16
specificutions | 018 | 030 00 003 042 Tube 17
MEMBERDG | 017 | 032 | 134 | 0015 | 0026 (0056|0025 | 041 | Fydruphone () W8 | T
137 | 0019 | 0021 [0044] 0029 | 041 | Tynez.
HYDROPHONE | 016 | 029 | 035 | 0020 | 0017 |003§| 0023 | 040 | Direction |
TUBE

* YS, UTS, RA, Impact Toughness (39 J at -40 C) of the brace material

+ Material for Hydrophone attachment (Lower impact energy of 16 J) .

So, these are the compositional analysis, once again we can see that the carbon content was
quite within the limit and most of the cases the composition was not so different than that it is
then the expected values, the mechanical properties of the material used were also studied and

this were also quite in the limit or what was the expected values.



(Refer Slide Time: 34:30)

Fatiguc crack growth occurred from pre-cxisting cracks in the insert fillet welds between a hydrophone
support and the brace D-6.

Fatiguc crack propagation part away around the circumference of the insert, then moving into
the brace and around its circumference with brace failure by overload.

|

The subsequent failure of the remaining five braces joining the column D-6
to the rig, by plastic collapse.

So, from this finally, we realized that the one crack that was there in the D 6 that has initiated
and that led to the final fracture. So initially fatigue crack growth occurred from the pre-existing
crack. So, the presence of a small defect, again, that would not be of any danger had it been not
placed inside the sea where there is a corrosion atmosphere as well as there is a repeated loading

based on the waves and that leads to the fatigue loading.

So, that fatigue crack propagation part way around the circumference of the insert, and then
moving into the brace and around its circumference with the brace failure by overload the
subsequent failure of the remaining 4 braces, joining the column D 6 to the rig also happened

by plastic collapse.

(Refer Slide Time: 35:23)

https://www.youtube.com/watch?v=pg19YZeS77k



IThc Alexander L. Kielland rig/platform was fabricated and completed in March 1976.

I It collapsed on 27" march, 1980, due to a fatigue crack propagating from a welded joint, with the loss of 123 lives. I

The platform was supported vertically by five tubular columns at the apices of a pentagonal design, each
interlinked by robust tubular braces and stabilized upon pontoon bases.

The failure sequence was identified as the loss of one vertical column, resulting in rig
destabilization, with tilting of the entire structure leading to inversion and submersion.

All the evidence confirmed the mechanism of the initial failure as a fatigue process, initiated at
a defective weld bead in an inserted hydrophone tube located in a robust brace designated D-6.

h

Metal Failures: M Analysis and P ions: Arthur McEvily, John Wiley & Sons, Inc.

Analysis of Metallurgical Failures: V.. Colangelo and F.A. Heiser
http://skipsfarts-forum.net/index.php?threads/aleksander-kielland-ulykka. 1198/
https:/Nlink.springer.com/article/10.1007/s11668-019-00680-4
https://cathwell.com/marine-fouling-in-seawater-inlets/
https://www.ensingerplastlcs.com/en-in/oII-gas/hydrophqne-housing

https://en.wikipedia.org/wiki/Hydrophone
* https://en.wikipedia.org/wiki/Alexander_L._Kielland_(platform)

* https:/link.springer.com/article/10.1007/s11668-019-00680-4
http://skipsfarts-forum.net/index.php?threads/aleksander-Kielland-ulykka. 1198/

https://lwww.youtube.com/watch?v=7QVn3NUW aQ&t=1s

https://www.youtube.com/watch?v=pg19YZeS77k

https://www.youtube.com/watch?v=KmbLvzPMuRI




So here is the memorial that has been formed to remember the incident of Alexander L
Kielland. And | hope that we did learn something from this incident, although this is a very
unfortunate one, but still we have learned what it can teach us. So, the Alexander L Kielland.
Platform was fabricated and completed on March 1976. And it collapsed however, on 4 years
after that on 27 March 1980, and the exact reason for this as has been found is the fatigue crack
propagation from a welded joint, but that accounted for the loss of 123 lives.

The platform were supported vertically by 5 tubular columns at the emphasis of a pentagonal
design and each of these columns are interlinked by robust tubular braces and stabilized upon
pontoon bases. The failure sequence was identified as the loss of one vertical column that was
D resulting in the rig destabilization and heeling which means the tilting of the entire structure

leading to finally inversion and submersion.

So, all the evidence confirmed the mechanism of the initial failure as a fatigue process initiated
at the defective weld bead in an inserted hydrophone tube located on a robust brace designated

as D 6. So, following other references that has been used for this lecture. Thank you very much.



