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The Fact G oup’'s ainms and objectives:

The | ndependent Fact Goup was fornmed in early 1999 to clear up the nany question
mar ks about the M/ Estonia disaster, in a structured and nethodi cal manner. There
has been consi derabl e specul ati on concerning the efforts of the Joint Accident
I nvestigation Commission (JAIC) and the political, legal and nedia treatnent of
the accident and its tragi c consequences.

The aimis to give those in authority an opportunity, based on the facts of the
case, to decide to review this nmatter, with a view to further action. CQur
efforts also enable the nmedia and the general public to decide on the basis of
the objective information which is available concerning the accident, and the
conclusions to be drawn froma technical and civic perspective.

The overall objective is the setting up of a new investigation of the accident
whi ch can describe the course of the accident in detail, and its causes, with
subsequent assessnment of the noral and legal responsibilities, where this is
f easi bl e.

W are notivated by the belief that a properly conducted investigation wll
contribute to maritime safety and by our concern for Sweden's reputation as a
nation which upholds safety at sea and the rule of |aw

Met hodol ogy:

In the course of this task, we have assuned that the solution of a problemis
never better than the validity of the basic assunptions. As a result, we have
stipul ated sone met hodol ogi cal principles, of which the follow ng are the nost
f undament al

1. All scenarios nmust be considered to be true until the contrary is proved.
2. All observations, assunptions or statements on which a scenario is based
must be considered false until the contrary is proved

We have defined a nunber of criteria for concluding that an observation,
assunption or statenent may be considered to be true or false, and processes
and routines for the route to be taken in clarifying an observati on, assunption
or statenent. These criteria involve technical, enpirical, statistical and/or
semantic requirements which, if they are relevant nust all be net if the
observation, assunption or statenent is to be classified as an objective fact.

The materials we have worked with are primarily the docunents, audio recordings
and films in the Swedi sh Accident Investigation Comm ssion’s Estonia archive,
together with supplenentary information from other public sources and, in
addi ti on docunentation fromthe Meyer shipyard and its i ndependent conmi ssion
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Sumary

In this report, the Independent Fact Goup shows that JAIC s scenario
regarding the loss of the visor, described in the final report was inpossible.

As a direct result of a faulty conclusion when the Conmission stated that " The
many uncertainties involved nake detailed calculations of this devel oprment
nmeani ngl ess”, the Comm ssion came to a wong and inpossible conclusion regarding
the loss of the visor. The Conmssion did not take into consideration or study the
preventive effect that a nassive transverse deck beamwoul d have if the visor broke
| oose. Ironically the Commi ssion did, however, correctly assume that the transverse
deck beam in fact was "the heaviest structural elenent preventing the visor from
nmovi ng forward”.

This report shows that, by a few "detailed calculations”, it is proved
that it was technically inpossible for the visor to nmove forward as
concluded by the Commission. First and forenobst, the forces in a forward
direction presented by the Conm ssion are a confusion of reaction forces
and resultants from the wave inpacts. The Comni ssion used the reaction
forces in order to obtain forces strong enough to break the visor | oose.
Secondly, the forces to cut through the transverse deck beam coul d never
have been achieved even if the |owest and nobst favourable theoretical
val ues for the strength of the beam were used.

The | ndependent Fact Group shows both that it was inpossible that the visor
was lost in the way the Comm ssion concluded, and as a result of this, that
the ranp could never have been forced open by the visor.

The | ndependent Fact Group does not, however, draw any conclusions in this
report as to how the visor was |lost or what created the forces involved
in such a scenario. W prove only that the Comni ssion, by sloppy work and
contradi ctory conclusions, has described a technically inpossible scenario as
their nost central and inportant evidence regarding the MV Estonia disaster

W leave it to a com ng new i ndependent investigation group to draw the correct
conclusion as to how the visor was |ost, and maybe nost inportant, when it
was | ost and what consequences it led to

To summarise this report in a few sentences: The JAIC final report’s nost
i nportant evidence was based on the assunption that the visor cut its way
through a nassive deck beam on two sides in four cuts. This conclusion has
been presented in spite of the fact that the necessary forward forces did not
exist. Whether this scenario was possible or not, has not been checked by any
techni cal cal cul ati ons what soever by the Conmi ssion. The scenari o has now been
proved wong and therefore the conplete final report nmusto be disqualified by
this new evi dence.

Definitions of certain |anguage marks used in this report:

Text presented from the JAIC final report and its supplenents is quoted as
printed.

Qur comments, explanations or clarifications, within quotes, are presented wthin
square brackets [ ].

Text in quotes that has no relevance for the issue at hand has been

|l eft out and is indicated by a nunmber of dots ".....

W have underlined certain sentences and words, to mark their inportance.
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General visor description and arrangenents

The visor was attached to the ship by hinges and hydraulic actuators situated
close to each other in the aft part of the two "visor arns” (shown as " Beant
in JAICfigure 3.5 below). It was possible to lock the visor to the ship after
closing by five devices. Wwen closing the visor it was guided to the right
position by three locating horns. The horns were also constructed to absorb
any side |loads fromthe waves. The | ocks were two hydraulic side | ocks and one
hydraulic bottom lock (also called Atlantic |ock). There were also two manua
si de | ocks.

In the picture below (JAIC Figure 3.5), the general arrangenment of the bow
with the visor, the hinges for the visor and the hydraulic actuators for
lifting / opening the visor are shown. The visor was constructed with a
"box-1i ke housing” for the top part of the ranp.

Bouw-like housing Wen the ranp was
Beam i closed, the visor

:H& - ffx enclosed the top

part of the ranp.

The ramp was | ocked

with Si X | ocki ng
Hydraulic devi ces. On each side
achuakor there wer e t wo
hydraul i c | ocki ng

devices (pins) and
one hydraulic | ocking
hook, t he latter
also for pulling the
ranp tight back when
| ocking it.

However these | ocks
are not shown in the
JAIC figure 3.5.

Battom lock

JAIC figure 3.5

JAIC Final report, 3.3.2:

"....Three locating horns, one on the forepeak deck and two on the front
bul khead, engaged recesses in the visor in order to guide the visor to
its proper position when being closed and to absorb lateral |oads.

....The three |l ocking devices kept the visor down in its closed position
and the locating horns absorbed any side |oads that m ght develop.”

The Fact Group commentary:

The Conmi ssion here stated that "any side |oads that m ght devel op” are absorbed
by the locating horns. After this correct statenent they totally forgot all about
the locating horns. They did not take in to consideration the |oad capacity of
the horns and nost inportant, the discharging effect of the wave inpact |oads on
the visor | ocking devices.
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The Locating horns

The visor construction was such that, in addition to the three |ocating
horns nentioned by the Conmi ssion, there are two upper recesses in the
vi sor bul khead where the visor engaged with the forward bul khead in the
cl osed position. This neans that if the visor had cone |oose as a result of
any side load, the upper part of the visor with the recess in the bul khead
woul d al so have been danmged.

In reality, none of the recesses are damaged in the side direction
W leave it to a new commission to find out the real load on the visor

| ocki ng devices after the main | oad was di scharged by the | ocating horns and
t he upper side supports which did not break due to side |oads.

Fact Goup (FG picture 1. The picture shows the visor with its bul khead to
the left and right. The circles indicate the different positions for the
recesses that would have absorbed any side |oads.
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JAI C Final report, 3.3.2:

"....The visor including attachnent devices was built of grade A mld carbon
Stﬁﬁ% (yield strength mni nrum 235 N mm?2, ultinmate tensile strength 400-490
N ).

The deck of the visor had a box-like housing between the two beans [read visor
arns for hinges], enclosing the upper part of the ranp when the ranp was
cl osed. The geonetry was such that the ranp had to be fully closed in order
not to interfere with the visor during its opening and cl osing.

The visor pivoted around the two hinges on the upper deck during its
normal opening and closing. It was secured in the closed position by three
hydraulically operated | ocking devices at its |lower part.”

The Fact Group commentary:
The Conmm ssion stated that "The geonetry was such that the ranp had to

be fully closed in order not to interfere with the visor during its
openi ng and cl osi ng”.

This conclusion is contradicted by the foll owi ng observation. Nothing in
the visor / ranp geonetry would prevent the ranp from being partly opened
i nside the visor, which can be done wi thout nuch effort. Because of this
it would have been possible to close the visor even if the ranp was not
properly closed and |ocked. Oher arrangenments wth sensors were
installed to prevent the visor from being closed if the ranmp was not
cl osed and | ocked properly.

It is also inportant to notice that the JAIC figure 3.5 and sonme other
figures in the Conmission report showing the ranmp in the closed position
are incorrect. The upper part of the ranmp is "nmoved” aft so that it wll

meet the fore part of the upper deck. This illustrates the ranp being
closer to the aft part of the visor housing for the ranp than it actually
was. The nost correct illustration in the final report is JAIC figure

3.6, "Bow visor general arrangenent and structure”

s

2?1; Wﬂ:'&
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I | i 1

JAIC figure 3.6 (one of three views shown here)

Figure 3.5 shown earlier will suffice for a theoretical description,
and thus we have used this figure for our theoretical descriptions in
conparison with the Comm ssion’s scenario.
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Definitions of forces

To be able to understand and foll ow the Conmm ssion’s statenent and concl usi ons
we have to anal yse the definitions used by the Conm ssion regarding the forces
acting on the visor.

In general terns, the Commi ssion stated that the forces were generated by waves.
Sorre forces fromwater flooding the foredeck (green water) are di scussed and al so
forces generated from accel erati on when the ship pitches in the waves.

The Conmmi ssion used the definitions "wave-induced forces” "resultant force”,
"reaction force”, "inpact forces” and "opening nonent”.

1. The "wave-induced forces” were forces that acted on the visor when the
waves hit the visor.

2. The "resultant force” was a force summarised from different forces |ike
those fromwaves that hit different parts of the visor and / or other forces
from "green water” etc.

3. The "reaction force”; elenentary nechanics (Newton's 3:rd |law) describe that
every force (active force or a resultant fromsuch a force) has a reaction force
acting in the opposite direction. This force is naned "reaction force”. It
neans that the forces created by waves hitting the visor, are "bal anced” by
"reaction forces” of the sane strength. If not bal anced, the visor would have
crushed the aft positioned bul k-head with the ranp.

4. The "inpact forces” were used by the Commission to describe the forces that
were generated to enable the hydraulic lugs to cut through the transverse deck
beam The forces were generated by "wave inpacts” causing aft-forward novement
of the visor.

It is very inportant to note that instead of using the "resultant force” the
Conmi ssion used the "reaction force” to prove what force initially broke the
vi sor attachnents. Please see JAIC figure 15.4. Note al so that the Conmi ssion
used "beant instead of "visor arn’, see JAIC figure 3.5.

5. The "opening nmonment” is a force that acts around a "given point”, for
exanple a hinge. The noment is calculated by the force in the inpact point
multiplied by the distance to the "given point”. In other words a force of

10 N acting on a distance of two netres to a given point creates a nonent
of 20 Nm around the given point.

Background - visor attachment strength

The forward force needed to break the hinges was nore than 400 tons on each
side according to the Conmm ssion. The mnipgum nmaterial cross section area on
each side was 25 x 60 mmtines 4 = 6000 mm?. The wel ded bushi ngs had a total
wel di ng I ength of 1560 nmwith an area of 7800 m?. Wth 300 N , that is
only 70 % of the real value in breaking strength, each hinge would break at a
force of 4.2 MN or approximately 420 tons. (JAI C Supplenent 511, 4.6 - 7 WN).

The two upper |ocking hooks had an area of 1875 mf each. Wth 300 hVnn? in
breaking strength each hook would break at a force of 0.56 M\ or
approxi mately 56 tons.

In a letter fromthe German G oup of Experts (SHK Estonia archive B 125,
27 october 1995) to the Conm ssion, they said that "In our opinion the
bel ow stated facts are undi sputed” regardi ng the breaking strength of the
upper |l ocking hooks, that each hook had a failure load of 40 tons.
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The visor side locks could take a load of nmore than 100 tons each. (JAIC
Suppl errent 511, starboard side lock 1.59 M\, port side lock 1.19 MN).

The Atlantic bottom |l ock could take a | oad of approxinmately 200 tons (tested
by JAI C Suppl emrent 511, 2.04 MN).

The hydraulic actuators could take an outward (upward) | oad of nore than
their lifting capability of 150 tons each.

The base for the actuators would together hold for 800 tons according to the
Conmi ssi on. (JAI C Suppl emrent 511, 8 M\, reduced there to 4-2 MN due to cracks
and brittleness).

The foredeck of 8 nmplating would take 2.4 tons per side to cut open if it
was cut in a professional cutting nachine (4 sides and approxi mately a |l ength
of 1000 mmin each cut).

Wth due respect, the Commi ssion has estinmated, calculated or tested sone of
the above nmentioned attachments breaking strength. But the nost inportant
item the deck beam has only been identified as "the transverse deck beam
whi ch was the heaviest structural elenent preventing the visor from noving
forward”.

The bottom part of the deck beam (160 x 22 mm alone could take a |oad of
approxi mately 140 tons on each side (starboard / port) before breaking.

Background - visor scenario according to the Conm ssion

The scenario of the visor failure and opening of the ranp is, in substance,
descri bed by the Commission as follows:

1. The visor locking attachment on the port side broke.

2. The port side hinges to the visor; or the bottom lock of the visor; or
bot h broke.

3. The starboard | ocking attachnent of the visor and the starboard hinge
br oke.

4. The visor fell forward now held only by the hydraulic actuators and due
to 2 - 5 forward-aft inpacts the visor hydraulic lugs cut through the
transverse deck beam (on two sides with 4 cuts altogether).

5. After cutting through the deck beam the lugs cut another 360 mm deck
plating and thereafter the visor housing hit the ranp and pull ed
forward, breaking its 6 |ocking devices.

6. Sonetinme thereafter the two hydraulic actuators were ripped away from
their mounting platforms in the deck, and the visor fell into the sea.

The Commi ssion scenario can be described in three steps.

A. The visor broke |oose.

B. The visor cut through the deck beam and deck pl ating.

C. The visor released itself fromthe ship, ripping the ranp open in the
process.
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Forces on the visor according to JAIC - The visor broke |oose

This section describes the JAIC conclusions regarding forces on the visor,
where the failure pattern of all the attachnments indicates an overl oad
caused by forward-upward notion of the visor, despite the fact that there
were no forward forces acting on the visor. We have here chosen to refl ect
only those parts of the text that will be of interest for this report.

JAIC Final report 12.3

The Conmmi ssion's estimted maxi num wave | oads on the bow visor for the
acci dent conditions are summarised in Table 12.5 bel ow.

Load type Losddirection | Meximurn value during 30 min.
| Rangeof 90% | Mbst probsble
confidence

."ir’isnr forxces:

X force (longirodinal) |aft 27 -63MN 3.6 MN

Y foree (side) starhoard 0.6-25MN 1.0MN

T force (vertical) | wpward 27 -6.2MN 5.6 M

'Deck hinge moments:

X moment .upwardnnpnn 0.6 - 7.4 Ml 1.7 MNm
aide

Y moment opening sround | 4.0-200MMNm | 7.5 MNm
hinges

'Z momen fwd onportside |05-25MNm | 1.0MNm

JAIC Table 12.5 Sunmary of estinmated maxi num wave | oads for the accident
conditions. Oblique bow sea, Hs 4,0 - 4,1 m

The Fact Group commentary:

The Commi ssion failed to calculate the forces that acted on the visor.
I nstead they esti mated the maxi num wave | oads for the accident conditions.
But they did not come to a conclusion as to how this relatively small
forward nonmentum force, generated by the wave |oads, broke the visor
hi nges and visor | ocks.
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JAIC Final report 13.5:

".... Hydrostatic pressure from trapped water inside the visor would create a
resultant force directed about 45 degrees forward and down. The pressure and the
resultant force would be anplified by the vertical accelerations of the bow
However, the possible anount of trapped water could not have created tension
reaction forces in the attachnents sufficiently high to nmake any of themfail.
As an exanple, 3 m of water inside the visor would create a hydrostatic
resultant force of only about 0.5 M\

... Green water on deck could be critical due to the unfavourable |ever arm
to t he aft—p03|t|oned vi sor hinges. About one netre of water on the deck woul d
double the weight of the visor, but several times this height would be
needed to break the attachrrents.”

The Fact Group commentary:

The Conmi ssion concluded that resultant forces fromtrapped water in the visor
and from "green water” were not sufficiently high to nake any of the
attachments fail.

JAI C Final report 15.2:

"On the basis of nunerical simulations and nodel tests (see 12.1 - 12.3) the
Conmi ssion has concluded that the nobst probable naxi mum resultant force on
the visor, developing in a significant wave height of about 4 mand after the
vessel had changed course at the waypoint, was between 4 and 9 MN. Divided
into force conponents, this equals sinultaneous upward and aft forces of 3 to
6 MN and a starboard transverse force of 0.5 to 2.5 M\ The resultant maxi mum
nonents about the hinge points were 4 to 20 M\Nm opening nonent, 0.5 to 7.5 M\m
twi sting nonent and 0.5 to 2.5 MNm yawi ng nonent.”

The Fact Group conmentary:

The Commi ssion concluded that the maxi mumresultant force, divided into force
conponents, created upward and aft forces, not forward forces.

Force in a aft direction induced by the waves could not end up in a "resultant
force” in a forward direction. (See "The Fact G oup graphic analysis of forces
on the visor” page 13).
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JAI C Final report 15.10

"....Figure 15.4 illustrates an exanple of a possible reaction force distribution
over the attachnents when the port side lock fails. The load on the hinges, though
large, is acting in an uncritical direction while the bottom!|ock and the starboard
side lock are loaded only to about half of the critical level.”
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JAIC figure 15.4 "Exanple of reaction force distribution resulting in port
side lock failure.”

The Fact Group conmentary:

The Commission failed to calculate the forces that acted on the visor. Instead
of using the "resultant force” they used the "reaction force” to prove what
force initially broke the visor attachnments. They wongly concluded that the
"reaction force” resulted in the port side visor lock failure. Their genera
concl usion fromthe suppl ement (below) also shows that it was based on "may”,
"could”, "seens” and is therefore nothing nore than estinates.

JAI C Suppl ement 511 (MW Estonia. Visor Damage and Visor Attachnment Strength
I nvestigations at VIT):

3.7 Ceneral conclusion

"The above cal culation [not shown here] indicates that breaking the side |ock
at 1.2 MN local reaction (equalling its strength as arrived at bel ow) occurs at
a wave load level which may be insufficient to break the next attachment. The
side lock may thus break w thout another attachment failing. This woul d support
the damage pattern that occurred to MW ESTONIA' s sister ship DDANA Il in January
1993 in the formof partial attachnent failure. This involved side | ock fracture
and hinge danage. The shape of the bottom | ocking fore peak deck lugs of DI ANA
Il was nore robust indicating a stronger design (up to the limt of the visor
lug of about 1.8 MN) than that of M/ ESTONIA”
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"A recurring judgenent about an attachnent breaking sequence of the MV ESTONI A
accident is, however, not possible. For a direct head wave the bottom| ock coul d
reach its breakpoint of 1.5 MN at an estinated bow force of somewhat higher
than t he val ues gi ven above before the side | ockings becane critically | oaded.
The outcone of sinplistic |locking system load sharing analysis yields the
possible effect of noving the bow |oad centre nore forwards (an increasingly
nore forwards protrudi ng bow design) inmplying an increasing effect of the
transverse load to increase attachnent reactions and thus to weaken the
system strength. The | oad needed to overcone the strengths of the bow visor
attachnents is thus sensitive to the shape of the visor, which has not been
i nvestigated. This sensitivity intimtely follows from the way the nonent
arm of the transverse load Fy is in position along the normal through the
bow | oad centre to the attachment plane. This seenms to be the effect of
the visors shape and attachnment configuration - particularly the aft
positioned hinges in relation to the | ockings.”

3.8 Visor detachment scenari os

"Vi sor detachnment depends on the individual reactions in relations to the
strength levels of the attachment sites. The above presented estination
has suggested that for 300 bow waves a m ni mum resultant bow force of 7 MN
(lifting component around 5 MN corresponding to design load |evel) may be
sufficient to raise the pulling load on the port side lock up to 1.2 MN with
sone cautiously chosen wave action centre. According to work presented bel ow
this woul d be enough to break the side lock in the local |oad direction found
to apply. The loads at the port hinge and the Atlantic lock are still bel ow
their breaking capacities. The weakness of the port side |lock conpared to
the starboard side |ock has been recogni sed. The |east bow | oad seens to be
needed to cause the port side lock to break first, followed by break of the
next attachment - the hinge or the bottomlock - at a somewhat increased | eve

of bow load. It has not been possible to define in great accuracy the strength
of the hinges, but approxinmate evaluation indicates that a hinge may be at
risk if the local transverse shearing | oad reaction conponent directed down
and forwards reaches up to about 4.6 MN. Hinge failure may thus happen
second if a total bow | oad higher than the values given above were conbined
with a lower (than average) opening nonent, which would be insufficient to
break the bottom | ock next. A conbination of a higher bow |oad and a | ower
opening noment at a higher water pressure and | ess deep ingress of the ship
(causing less opening nonent) could raise the local load at the wave side
hinge to the critical level before the lockings. In direct head sea a higher
| oad i s needed and then the bottom | ock could be at risk first. A low bow | oad
conbined with a high opening noment would result in the port side |ock beconing
critical first, followed by, the bottom | ock.”

The Fact Group commentary:

El ementary nechanics, (Newton's 3:rd law) states that every force has a
"reaction force” acting in the opposite direction of the applied force. Here
it means that wave induced forces are "bal anced” by "reaction forces” of the
same magnitude in the opposite direction. In this case the reaction forces
prevented the visor fromcontinuing in the same direction as the wave forces
acted, up and backwards toward the bul k-head. But in JAIC Figure 15.4 and
15.5 and the Suppl ement 511, it becones clear that the Conmi ssion incorrectly
concluded that "reaction forces” acted in a forward direction and thereby broke
the port side |locking of the visor.

W also find that the Commission in witing stated that "The | oad needed to
overcone the strengths of the bow visor attachnents is thus sensitive to
the shape of the visor, which has not been investigated”. So in plain |anguage,
they have not been able to calculate the |oad needed to break the visor
attachments, nor have they defined the "the strength of the hinges”.
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The Fact G oup graphic analysis of forces on the visor

The visor is shown from above, with a wave induced force of 6 MN in bow sea 30
degrees on the port side. The centre of the wave induced force was hitting the
visor 4,5 netres over the normal water line in calmwater, with an upward i npact

direction of 45 degrees.

The resultants aft,

starboard and up are shown in FG

2 below. The reaction force (forward) on the resultant RA 3,7 M\ is shown.

wave Impact directon 45° up

Resultant
up (RU)

4.2 MN Hezultant

| starboard [RS)

Wave direction port 30" bow sea,

2,1 MN

\'n’ave force (F]

No forward force was created
from waves (unless the
vi sor bounced back from
the bul khead). The rubber
seal between the visor and
the bul khead had a total
l ength of approximtely
12 metres that could be
compressed and could
gener ate a bounci ng
effect. The stiffness of
the seal was progressive.
To conpress the seal 10 nm
would require a force of
10000 NNm To conpress the
seal 15 mm would call for
25000 Nm (JAIC suppl enent

\EMN

pHIN SH

—_—

Reaction
forward
T KN

PH = Port Hinge
SH = Starboard Hinge

511). However the bouncing
would only generate forces
equivalent to a fraction of
the visor weight as the
"free motion margin” was
only at nmaxi mum about 10
to 20 mllinetres.

FG 2.

Forces induced from bow sea.

Reaction
aft

-0,22 MM

zultant

forward (RF)
~ ‘0,22 MM

Vigor load (F)
0,55 MN

Reaction
U

=0,48 MM

FG 3. Visor load force.
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The visor seen from the
starboard side. Theoretical
force distribution between
forward and down resultants.
The visor was mainly resting
on the forepeak deck. After
the visor broke |oose the
forward resultant from the
visor load was around 20
tons, but decreased to nuch
less due to the hydraulic
actuators holding the visor
back.
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Fai | ure sequence of bow visor and ranp

This section describes what the Conmi ssion considered was the nost likely
sequence of events when the visor had broke | oose, leading to the total |oss
of the visor and opening of the ranp. W have here chosen to reflect those parts
of the text that will be of interest for this report only.

JAIC Final report 13.5:
"....The nmaxi mum openi ng nonent to which the visor was exposed after the ship
had turned at the last waypoint is estimated to have been between 4 and 20
MNm and the maxi nrum resultant force between 4 and 9 MN. Such high |oads and
openi ng nonments occurred randomy. The resultant |oad and the opening nonent
may have exceeded the lower limt of the range a nunber of times within half
an hour under the prevailing conditions. Levels above the upper limt of the
range have a |low probability of occurring but cannot be excluded. The vast
majority of wave inpacts created no opening nonent at all.

....Subsequent wave inpacts caused the visor to nove backwards and forwards in
conbi nation with some vertical novenents, resulting in various inpact danage to

t he bul khead and the hinge beans [read visor arns for hinges]. |npact narks
i ndi cate violent transverse novenents, and upward novenments of about 1.4 m
The damage is described in detail in Chapter 8. As estinmated frominpact narks

on the aft edges of the visor hinge beanms [read visor arns for hinges], the
nunmber of heavy aftward bl ows was at | east two and probably less than five.
The vertical wave force exceeded the weight of the visor on average once a
m nute under the prevailing conditions. The dynamcs of this aft-forward
nmovenent of the visor generated sufficient inpact forces to enable the
hi nge beam lugs to cut through the transverse deck beam which was the
heavi est structural elenent preventing the visor from noving forward.

....lt was when the deck beam and thereafter about 360 nm of the deck plating,
had been cut through that the visor housing cane in contact with the top of the
ranp, primarily on the port side as the sea | oads had caused the visor to tw st
sonewhat to starboard. Probably in one single novenent, the visor pulled the ranp
forward so that its | ocking devices and hydraulic actuators failed. The ranp was
then free to fall forward towards the uppernost cross-bar of the visor.
Subsequently the visor actuator lugs cut the rest of the deck and the front
bul khead plating until the visor was free to tunble forwards and overboard.

....Great force was needed only twice during this final part of the failure
sequence, when the deck beamwas cut through and when the ranp was forced open

....The nmany uncertainties involved nake detail ed cal culations of this devel opnent
neani ngl ess. However, calculations under sinplified assunptions verify that the
course of events described is fully possible.”

Docunent: | npossible visor scenario - Report — English Page 14 of 26
Copyright: B Stenberg/J Ridderstolpe. My only be copied/reprinted in newsnmedi a papereditions and
only with a clear reference to the source. Al publication on Internet or other neans of electronic
or other nmedia are prohibited unless a witten permssion is given. For additional copies please
contact The |ndependent Fact Group at factgroup@otnail.com or at the postal address.



The Fact Group commentary:

The Conmission estimated a "resultant force between 4 and 9 M\N' and stated
that ”Such high |oads and openi ng moments occurred randomy”. Back to the
definitions, a "resultant force” is the summari sed force fromone or nore than
one force acting on an object, also showing the direction of the summarised
force. From JAIC 15.2 (above) it is clear that the Conmi ssion concluded that
the resultant forces "equal s sinultaneous upward and aft forces of 3 to 6 MV

First the Commission said that it was "the hinge beam lugs” that cut through
the transverse deck beam The hi nge beam | ugs (hol ding the hinges) could never
have been in contact with the transverse deck beam it was absol utely inpossible.
But the hydraulic actuator lugs on the underside of the "hinge beanf (or nore
correctly "the visor arnms”) may have been in contact with the transverse deck
beam

A bit further down, the Conm ssion has concluded that the visor hydraulic
actuator lugs first cut through the traverse deck beam "which was the heavi est
structural elenment preventing the visor fromnoving forward”, and thereafter the
visor pulled the ranmp forward so that its |ocking devices and hydraulic
actuators failed.

The scenario is also described in JAIC figure 13.6 shown bel ow.

Cutting through deck and hitting ramp Ramp partly open

JAIC figure 13.6 (two of six draw ngs shown here)

What the Commission did not do was the nost inportant of all, nanely to check
by sonme detailed calculations if this scenario was possible or not. But
instead they found this "nmeaningl ess”. Three inportant questions can and wil |l
be answered by sonme detail ed cal cul ations;

1. How "heavy” or strong was this deck beanf

2. Was it possible for the visor actuator lugs to cut through it?

3. Was it correct that the visor first had to cut through the deck beam and
thereafter cut through 360 mm of the deck plating to cone in contact with
the top of the ranp?

It is inportant to note that the deck beamis not shown in JAIC figure 13.6
above, though it was found to be the "heaviest structural elenent preventing
the visor from noving forward”.
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| nvestigated cutting scenario

The scenario we are checking is limted to the short tine when the hydraulic |ugs
are said to have cut their way through the deck beam If cutting through the deck
beam is proven inpossible by the forces involved, the entire JAIC scenario is
wong. Mreover, in that case it also prove that the ranp could not have been
ri pped open by the visor. The scenario is described in the follow ng figures:

FG 4. The hinges on the visor arns broke and al so the side |ockings of the visor
The visor fell forward and the hydraulic lugs under the visor arns hit the deck
beam (see also FG picture 6, A hitting B)

FG 5. The hydraulic lugs cut through the deck beam and at the sane tine
the visor housing hit the ranp and ripped it open (see also FG picture 6
C hitting D).
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The Fact G oup calculations, cutting through the deck beam
The deck beam construction.

The deck beam was wel ded on the underside of the 8 mmthick foredeck. It
was constructed like an "upside down T”". The vertical plate was 400 mm
high and 9 mm thick. The underside was 160 nm broad and 22 mm thick
wel ded to the vertical 9 nmm plate.

Hydraulic lug

Hydraulic
actuator room

FG 6. The picture shows the conpl ete arrangenent excluding the hydraulic actuator
that was fastened to the hydraulic |ug.

To be able to calculate the necessary force for cutting through the deck
beam we also have to |look at the actuator lugs that are said to have cut
through the beam The "cutting edges” (A above and the red edge) on the two
lugs (in this exanple the port side) were 60 nm wi de, and the forward edge
of the lugs was 455 nm high. The distance between the pair of lugs on the
port side was 173 nm The cutting angle relative to the deck beam was 38
degrees.

sl | = . J. i :-—~QFHWﬁf“*

=i |I %E} J[Ja o il ﬂ-f e A

e = | =
AN -

FG 7 and 8. The pictures show the dinension of the hydraulic lug seen froma
side view and from aft. They are part of the Meyer Schiffswerft draw ng of
2.6.1980.
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Breaki ng down the exanple - was it possible to cut through the deck bean?

When cal cul ating we break down the exanple to obtain the nost favourable
situation in which we are certain of being able to estimate the | owest denmand
possible to be able to cut through a construction like this. This is done in

some exanpl es bel ow.

Exanmple 1. Only cutting through the Iower part of the beam cross section 160 mm
X 22 mm In this exanple, we calculate the necessary force if the beamwas cut in
a professional cutting nachine. This will ensure that we can estimate the | owest
demand necessary to cut through the beam Figures 9 and 10 show the cutting
principle fromthe side and fromthe front. The cutting edge has the same di nensions
as the hydraulic lug on the visor, but in this exanple it has a hardened edge. Qur
exanpl e only takes into account one of four necessary simltaneous cuts.

oy
NS e S S

L
FG 9. The | ower part of the deck beam seen fromthe side as in FG 6.

The cutting edge represent the hydraulic lug, but the angle is changed to a
relevant cutting angle, 8 degrees. F is the force we aimto find

173 mm

Culting edge

representing one \ \
of the two E F
hydraulic lugs

on one side of \ \

the visor aﬁh“‘%k

Counter die
4 s jf
FG 10. The |ower part of the deck beam seen fromthe front. In the grey area we
show the other side of the hydraulic lug pair, that in reality also had to cut

through the beamin the same "cut”. Two hydraulic lugs on each side had to make
a total of 4 cuts. Mreover, in real life, there was no counter die.

/)

\\ Cl.l't‘l.'lﬂ-ﬂdgﬂ'x )

. b Y
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Cal cul ation Cutting, Exanple 1.1 Formula cutting

Seen as a scenario in which only the bottompart
of the deck beam is to be cut in a cutting
nmachi ne, we get the foll ow ng:

Thi ckness of beam S = 22 mm
Oross section A = 3520 mm?2

Qutting angle [I= 8° L

is triangular (A). The area is A=

When cutting, the area cut at each anPnt

Shearing strength Tgg = 400 hVnn?(340—47O But as L = — it gives A =__§3____
N nmm2 mld carbon steel St 37) tan [ g 2 x tan O
where S is the thickness of the steel
2 Ois the cutting angle.
_ S s?

Force F = Tgg 5> x tan [ This giving F = Tgs = PV

2

22 484
Force F = 400 x — 8 — [ 400 x ——4m8 ™ —
2 xtan 8 0, 2811

Force F = 688722 N = 70,2 tons (1721 nn@ Cross section cutting area)
Exanple 1.2

Sane scenario as 1.1 but the cutting angle [l is increased to 10° respectively 12°

For 0 = 10°, F 548986 N = 56,0 tons (1372 mr? cross section cutting area)

For [0 = 12°, F = 455412 N = 46,4 tons (1138 mr? cross section cutting area)

The Fact Group commentary:

A scenario in which the cutting angle [0 = 38°, as it may have been in
reality was not possible due to the followi ng reasons: A. The beam woul d
have bent forward when hit by the hydraulic lugs as there was no counter
die holding the beam back. The cutting angle would therefore have been
decreased to a mnimum B. |If the cutting angle was higher than 12° there
woul d have been a substantial risk of the cutting edge slipping in relation to
the beam instead of cutting through it.

If the deck beamwas cut by the lugs, there would have been two cuts done at the
sane time on each side of the visor. Both sides of the visor nust have cut through
the deck beamin the same tine, and four cuts would have been similtaneous.

And also, if the conplete deck beam was cut, #he cross section area in each cut
woul d have been doubl ed, increased by 9 x 400 mm = 3600 mm  which was the cross
section area of the central vertical part of the deck beam The cross section area
of the deck plating that also had to be cut is still uncounted for.

Finally, the hydraulic |lugs had no "edges” nade for cutting. The edges / |ugs that
were said to have cut through the deck beam are of normal mld steel as is the
rest of the construction. In the following pictures, the lugs with the "cutting
edges” are shown. The edges have not been cutting through any beam as there are
no contact marks from "cutting”. It should also be noted that paint is stil
attached to the "cutting surface”.
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Cal cul ati on Bendi ng, Exanple 2 |.¥ Deck B mm

The bending effect on the deck beam The beam can
be calculated as constructed of three parts, the H
bottom plate, the vertical plate, and the upper
plate (a part of the foredeck).

Total cross section area A
A =22 x 16+0,9 x 40+0,8 x 16 = 84 cn?(8400 mﬂZ)

]

Moment of inertia Iy:

-1 x (Bl x HI3 + B2 x 123 + B3 x B3 [

| —_—
y 12
ly = l o (22x163+40x09 +0,8x 1630
12
__1 _ E ST 160 1 22 mm
ly =—5—x 12317 = 1026 cnft k&
FG 11. De_ck beam
Fl exural resistance W) cross section
W = é X (Bl x HL + B2 x 2 + B3 x H3 )UJ
V\{, = 1 x 12317 [ 1 x 12317 = 128, 3 cm
6xH 6x16
Maxi mum bendi ng forward in mm
The beam was welded to the construction on 5 &
both sides, L was approx. 500 mm B 3]
Coefficient of elasticity E = 210000 kN m? E F E ]
Force F = 455412 N (|l owest theoretical force 5 B S 2
from exanple 1.2) e o --'-’-E-'ﬂ-_-.h, +
&1 T
5o c—F XL
X "3 x E x | ' 1
FG 12. Deck beam view from
8y = 455412 x 500° _ 880 mm | above
3 x 210000 x 10260000
Shear stress when F acts in one "cross cut section”:
F = 455412 N
A = 8400 m?
F 455412
Ts= O = 54,2 N'm?
s A 8400
This should be conpared to the Shearing strength, which was over 400 N/rm%
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New pi cture evi dence

In fact, as seen in picture FG 11 bel ow, the edge that is said to have cut through
the deck beamis razor sharp and cannot have cut through any netal. Furthernore,
the damage on the side of the hydraulic lug, scratches and plastic deformation,
was made in a side and forward direction. That is in the opposite direction that
woul d have been the case if the lug had cut through the deck beam

The pi cture bel ow shows the status of the visor port hydraulic lug as it is today,
five years after the catastrophe. The hydraulic lugs are nounted in pairs on each
side, and this picture shows the port inner |ug.

FG 13. The port hydraulic lug. Note the plastic deformation shown by arrow A
made in the direction of the arrow, and the sharp edge shown by arrow B. Note
also that there is paint on the very edge of the lug also shown by arrow B.
(This picture can be conpared with the German Expert G oup picture E9 on the
next page, where the conplete lug is shown.)

| mpossi bl e visor scenario

The visual and physical evidence presented here absolutely proves that this
hydraulic | ug never cut its way through the deck beam and thereafter two netres
through the upper foredeck and the front bul khead. Therefore the Commission’s
entire visor scenario is disqualified as inpossible and a new comm ssion nust
be appointed as stated by UN resolution MO A 849, 2.0.
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Pictures of the hydraulic actuator |ugs

The following two pictures are fromthe German Expert G oup. The pictures have
been edited to show the lugs in detail.

German Expert Group picture E9, No. 17 A Lugs for dismunted port
hydraulic actuator. On the lug to the left in the picture, the Conmm ssion
adapted a vertical plate by welding and later cut this plate away. Note
all the paint left on the surface that should have been in contact with
the deck beam while cutting (arrows).

German Expert Goup picture D8, No. 15 A Lugs for starboard actuator.
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The Fact G oup conclusion - pictures showi ng the visor scenario:

FG 14. Visor and ranmp in correct position. Visor arm hinges and hydraulic
actuator are not shown.

FG 15. The hinges broke and the visor fell forward and hit the deck beam
that was bent and deforned but not cut.

FG 16. The visor hit the upper part of the ranp and caused only slight danage.
The deck beam and ranp prevented the visor falling any further.
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The Fact Group conclusion - text:

Qur exanpl es shows that even if the cutting was performed i n machi nery conditions,
the theoretical mninum forward force nust have been approximately 4 x 46.4
tons = 185.6 tons. This nust be conpared with the weight of the visor which is
said to be approximately 56 tons.

If the hydraulic lugs had cut through the deck beam the beam woul d have been
bent, causing danmage to the foredeck and the construction in general. The
force needed to break through the beam would therefore rise to close to the
ultimate tensile stress, the necessary force of 8400 nmm#x 400 N nm?= 3360000 N
or 343 tons, and this is only on one side. No damage can be seen on the
foredeck (railings in the deckplating following the "cuts”, with a distance
of approximtely 100 - 150 mm are perfectly intact), and no damage can be
seen on the beam where it appears in the "ranp tunnel” into the car deck
(which is just 100 mllinetres away from the cuts).

Qur calculations regarding "cutting through the deck beanf prove that it was
i npossible for the hydraulic actuator lugs or the actuators to cut through the
deck beam This is due to the lack of sufficient forward forces induced from
waves. The nmaxi mum forward force created by green water and / or acceleration
due to vertical novenents in the ship, together with the forward resultant from
the weight of the visor, was not nmore than 10 - 20 % of the visor weight. The
i mpossi bl e scenario is also proven by the sinple fact that the paint is stil
on the hydraulic lugs. The "cutting edges” on the visor hydraulic lugs are not
danmaged by any cutting as they woul d have been if they had cut through the deck
beam This proves that the hydraulic lugs never cut through the deck beam

W have not taken into consideration that the forward force also had to break
the ranp | ocking devices, as stated by the Commission. Qur report shows that the
vi sor housing woul d have hit the upper part of the ranp at the sane tine as the
visor hydraulic lugs would have hit the deck beam Each |ocking device could
take a force of around 20 - 40 tons. In other words this force woul d have held
the visor back, with the sane strength also preventing the lugs from cutting
through the beam The reason why we have not taken the ranp |ocking devices
into consideration is sinply because the ranp |ocking devices were not ripped
open as the Conm ssion said, and we therefore do not know exactly how the ranp
was | ocked, properly or not. There were also other elenents that held the visor
back, for exanple the hydraulic actuators (approximately 150 tons each).

The final conclusion is that if or when the visor broke |oose for some reason
initially, it never can have fallen forward, and that therefore the visor never
can have ripped the ranp open.

Thus we have found the answers to the three questions on page 15, they are;

1. The deck beamis strong enough.

2. No, it was not possible for the visor actuator lugs to cut through the beam

3. No, it was not correct, the visor would have hit the beam and the ranp
si nul t aneousl y.

There are a nunber of possible scenarios that may have caused the visor to
break |l oose fromits attachnents, leaving it hanging / standing |oose on the
little forepeak deck in front of the ranp. However, at that point it would
still substantially have been held in position by the hydraulic actuators connected to
the deck in the actuator roons.

The video recordings fromthe weck show a nunber of clean cuts of the deck
beam the foredeck and the front bul khead. W leave it to a new independent
conmi ssion to investigate what caused this danmage. Maybe it was caused by the
same activities that cut the two ranp railings away inside the cardeck when
the ship already rested on the bottom This activity took place in spite of
the fact that the Conmission stated that the divers never entered the cardeck

However, video recordings fromthe weck clearly show divers working inside the
car deck.
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DEDI CATI ON

We dedicate this report to all those that lost their lives at sea as a
result of a ship’s lack of seaworthiness.

If MW Estonia had been seaworthy, nmany of the nmore than 850 persons who
lost their lives would have had a chance to survive.

St ockhol m 1 January 2000

For the Independent Fact G oup

Bj 6rn Stenberg Johan Ri dderstol pe
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